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range, and not more than 100A at the extreme limits. Stray light is kept within the 
normal limit of 1% over the whole range by introducing a filter for work below 4,000 A. 
Readings may be made as either percentage transmission or optical density. 


An illustrated leaflet describing the instrument in detail will gladly be sent on request. 


UNICAM 


UNICAM INSTRUMENTS (CAMBRIDGE) LTD - ARBURY WORKS - CAMBRIDGE 
a 





Journal of the Chemical Society. (July, 1952 











L. LIGHT & Co Lid 


Amino acids & peptides 


Acetyl glycine (aceturic acid) . 

pL-Acetyl methionine or Ca salt . 

pi-Acetyl a : 

8-Alanine a 

p-Alanine 

pt-a-Alanine (amino-propionte acid) 

L- > 

DL-. ~Allothreonine . 

Amino-scetic acid (glycine, (ae) NT ee) L 
glycocoll) . a 5 

P-. Apene a ne eS glutamic acid . 

pL-a-Amino-iso-butyric acid .. 

pL-a-Amino-n-butyric acid . 

e-Amino-n-caproic acid i 4 ae 

> SS acid . 3 ss Industrial Chemists and Research workers 

os — ~pheny should obtain particulars of these very 


L L-Arginine | é St le convenient test papers issued by 
sc-f- heperegine hydrochloride ; JOHNSONS OF HENDON 

p-Asparagine (monohydrate). . . There are five books in the series. 
L-Asparagine (monohydrate). . . UNIVERSAL is a single paper covering, 
p-Aspartic acid completely, the range from | to 10 and 


a , c id 
en age (amino succini acid) enabling pH values to be checked to 


Betaine hydrochloride peers % within 0.5 pH. For more exacting work 
p-Citrulline a a ge COMPARATOR test papers, in four books, 
Creatine... -.-.. .- . enable the pH value of any solution to be 


Creatinine ...... . ; ete 
ees eee ee ascertained to within 0.3 pH. 


— bet “at Sie y Descriptive leaflet sent free on application. 
L-Cysteine hydrochloride “gee JOHNSONS OF HENDON LTD. 
— *. me LONDON, N.W.4. ESTAB. 1743 
pDL-8-(3 : 4-Dihy droxy-phen: 1) 
alanine ys tome xy 4 
Py we pce alanine 
3: 5-Di-iodo-.-tyrosine 
(iodogorgoic acid) . ~ 
pL-Ethionine . 
p-Glucosamine hydrochloride 
p-Glutamic acid. . > 
pL_-Glutamic acid (a-amino- 
glutaric acid) . ‘ 
L-Glutamic acid (99 % ) . 
L-Glutamic acid hydrochloride 
(99 % ) $ 
L-Glutamine Sa 
Glutathione. etfracibe 
Glycine anhydride (2 : 5-diketo- 
piperazine ) 
Glycine, ethyl ester, hydro- : 
chloride CHEMICAL CONSULTING 


Glycocyamine eae ae gS i ENGINEERS CONTRACTORS 
Glycylglycine a ee / 
Hippuric acid , ec / 
p._-Histidine coouakydrechis ia » | 
p.-Histidine mmenenyeeed ride 
dinars LEROD Ost] 
L-Histidine (base) 5/ 


L-Histidine monohydrochloride 
a a | Aenea —— 26 YEARS 
ee Gace ‘he . oh | 


p-Leucine. . ie ee eee / Head Off: EAGLE WORKS | London Off: ARTILLERY HO. 
pi-Leucine ‘ OT 8 Se ey a WEDNESBURY ARTILLERY ROW 
tSEeucine (amino stage oe STAFFS. LONDON, S.W.! 

Leusiee se - — caprote ca ) z f Telephone: WED 0284 Telephone: ABBEY 3816 

ws oe < INES 5 LINES 

L-iso-Leucine . hg haw, My } SL 

p-Leucyl-glycine . 

t-Leucyl-glycine. . 
p._-Lysine dihydrochloride . - 
pi-Lysine monohydrochloride 
L-Lysine monohydrochloride . 





























POYLE TRADING ESTATE 
COLNBROOK BUCKS ENGLAND 













































July, 1952) Journal of the Chemical Society. 








“A GUIDE TO 
FILTER PAPER and CELLULOSE POWDER 


CHROMATOGRAPHY’ 


Compiled by J. N. Barston and B. E. TALBot 
Edited by Dr. T. S. G. Jones 
150 pages 10 illustrations Price 8 shillings 


Distributed through: H. K. LEWIS & CO. LTD., LONDON, W.C.1 
B. H. BLACKWELL LTD., OXFORD W. HEFFER & SON LTD., CAMBRIDGE 
JOHN SMITH & SON (GLASGOW) LTD., GLASGOW, C.2 


pH METER 


AND MILLIVOLTMETER 


Mains operated — but virtually 
immune to supply variations. 














This instrument can be used to speed up any 
industrial process dependent upon acidity or 
alkalinity, thus reducing labour or production 
costs. Operation is extremely simple and a 
series of readings can be taken by an unskilled 
operator with rapidity and ease. 
All accessories including electrodes and buffer 
OUTSTANDING FEATURES tablets are stored in a compartment within the 
* Mains Operated * Direct Reading x Auto- jnstrument. The operating instructions are 
matic Temperature Compensation * Full jucid and in simple language. Please write for 
Range 0-14 pH *Can be used with any descriptive leaflet, quoting CH.11054. 
electrode assembly * Operates external 
meters, recorders, process controllers 


> 
% Electrode fully protected * Ideal for SCiENTIF (}) (9 mstRUMENTS 


Redox-Millivolt measurements 


W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE, ENGLAND 


BOOKS ON THE CHEMICAL 
H. K. LEWIS AND ALLIED SCIENCES 


Scientific and Technical Books. :: Large Stock of Recent Editions. :: Foreign 
Books not in stock obtained under Special Licence. :: Catalogues on request. 


LENDING LIBRARY — ‘Scientific and Technical 


ANNUAL SUBSCRIPTION FROM 25s. PROSPECTUS FREE ON APPLICATION 


THE LIBRARY CATALOGUE containing classified Index BIMONTHLY LIST OF NEW BOOKS AND 

of Authors and Subjects revised to December 1949. niew EDITIONS ADDED TO THE LIBRARY 
" bers 17s. 4 . T 

PP arliburs Ioe. net, pocage ln 3a "°"™ OST FREE TO SUBSCRIBERS REGULARLY 


H. K. LEWIS & Co. Ltd., 136 Gower Street, London, W.C.! 
Telephone: EUSton 4282 (7 lines) esses 



































Journal of the Chemical Society. 











Que REAGENTS 


PHENOLPHTHALEIN 
DIPHOSPHORIC ACID 


SODIUM SALT 


Phenolphthalein phosphoric acid In the form of its calcium salt was 
used by J. Bray and E. J. King for the detection of phosphates as an 
aid to the identification of certain micro-organisms (J. Path. and Bact., 
55, 315 (1943)). The calcium salt was prepared commercially by 
Hopkin & Williams Ltd., soon after the publication of this paper, 
but it has the inherent disadvantage of very low solubility in water. 
More recently it has been found possible to produce the sodium salt 
of phenolphthalein diphosphoric acid, which is a readily soluble salt, 
and the application of this improved reagent has been described in 
several papers, as follows :— 
W. H. Fishman, B. Springer and R. Brunetti— 
J. Biol. Chem., 173, 449 (1948). 
M. Barber, B. W. L. Brooksbank and S. W. A. Kuper — 
J. Path. and Bact., 63, 57 (1951). 
M. Barber and S. W. A. Kuper— 
J. Path. and Bact., 63, 65 (1951). 
The sodium salt, substantially free from uncombined phenolphthalein, 
is obtainable from Hopkin & Williams Ltd., and enquiries should be 
made to the undermentioned address. 
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duce two guests thereto. 


4. To apply for research grants. 
5. To submit original papers for publication in the Journal. 


Fellows under the age of 25, who so wish, may pay an annual subscription of £1 15s. and 
enjoy all the privileges accorded to those paying the full subscription except that the 
choice of publications is limited. 


PUBLICATIONS 


(a) The Journal of the Chemical Society, which is published monthly, contains the results of 
investigations which cover the whole field of pure chemistry. 

(b) British Abstracts.—The Society collaborates with the Society of Chemical Industry, the 
Physiological Society, the Biochemical Society, and other organisations in contributing to the 
maintenance of the Bureau of Abstracts, which issues ev ery month abstracts of papers dealing 
with all branches of pure and applied chemistry, physiology, and anatomy published i in all parts 
of the world. 

British Abstracts A is divided into three sections: AI, General, Physical, and Inorganic 
Chemistry; AII, Organic Chemistry; AIII, Physiology and Biochemistry, including Anatomy. 

(c) Annual Reports on the Progress of Chemistry.—These reports, written by experts, 
summarise the important new advances in pure chemistry and related subjects. 

(d) Quarterly Reviews are composed of articles on selected topics from the whole field of 
chemistry. 


LIBRARY 


The extensive reference and lending library of the Chemical Society contains over 47,000 
volumes dealing with every aspect of chemistry and with many branches of related sciences. 
The library is open on Monday to Friday from 10 a.m. to 9 p.m., and on Saturdays from 10 a.m. 
to 5 p.m. 

Books available on loan may be sent by post to Fellows residing in Great Britain or Ireland 


MEETINGS 

(a) In London.—Scientific Meetings of the Society are held usually on the first and third 
Thursdays of each month from October to June at Burlington House, at which papers dealing 
with original work are read and discussed, organised discussions on subjects of current interest 
are arranged, and lectures by eminent British and foreign chemists are delivered. 

(b) Outside London.—Scientific Meetings and lectures arranged by the Society’s Local 
Representatives are also held outside London, and form an important part of the activities of 
the Society. 


RESEARCH FUND 


A Research Fund is available for the assistance of chemical research, and sums amounting 
annually to about £700 are granted for this purpose. Application for grants must be made on 
the appropriate form, which may be obtained from the General Secretary. 


Forms of Application for Fellowship can be obtained from THE GENERAL SECRETARY, THE 
CHEMICAL SOCIETY, BURLINGTON House, PICCADILLY, LONDON, W.1. 
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ONE HUNDRED AND ELEVENTH ANNUAL GENERAL 
MEETING. 


THE One Hundred and Eleventh Annual General Meeting of the Chemical Society was 
held on Wednesday, April 16th, 1952, in the Lecture Theatre, The Chemistry Department, 
Trinity College, Dublin. The President took the Chair at 10.30 a.m. and called upon the 
Senior Honorary Secretary, Professor H. Burton, to read the notice convening the meeting. 

The Notice having been read, the President called upon the Senior Honorary Secretary 
to make a statement on the Report of Council. Professor Burton drew attention to the 
Fellowship statistics given in the first section of the Report and pointed out that the growth 
of the Society had been maintained in the first quarter of 1952, a high proportion of the 
new Fellows again being drawn from overseas. To off-set this there was a somewhat 
disturbing factor in the large number of resignations coming from Fellows paying a joint 
subscription and resigning in the year in which the full annual subscription became due. 

Professor Burton recalled that the dignity of Knight Bachelor had been conferred upon 
the President during his term of office and that the specific citation referred to the fact that 
he was the President of the Chemical Society. 

The number of communications received for publication during 1951 was a record in 
the history of the Society: in the last quarter of 1951 there was a marked increase in the 
rate of submission of new papers, and this increase had been fully maintained through the 
opening months of 1952. It appeared probable that the Society might receive 1000—1100 
papers during the year and that the Journal would consist of at least 5000 pages. It was 
stated that two referees were appointed by the Honorary Secretaries for each paper sub- 
mitted and that the Editor, acting as Secretary of the Publication Committee, received the 
reports of the referees and, if necessary, asked the Honorary Secretaries to appoint a third 
referee. 

Professor Burton referred to the work of the permanent staff of the Society and thanked 
them for their work during the past year. He also paid a tribute to the Local Representa- 
tives and to those who had served the Society on Committees and in other ways. The 
Society had particular reason to be grateful to the members of the joint organising com- 
mittee in Dublin who had arranged the Anniversary Meetings. 

The President then called upon the Treasurer, Sir Wallace Akers, to make a statement 
on the Accounts for the year ended December 3lst, 1951. 

The Treasurer first commented that the administrative costs of the Society had 
increased by only £150 to £7632 during the preceding year and considered that this relatively 
small increase was a tribute to the efficient administration of the Society. For a variety 
of reasons, however, it was probable that in 1952 administrative costs would be somewhat 
higher. 

The receipts from the sales of publications had risen substantially during 1951. Part 
of this was due to an increase in the sales of back numbers which he did not expect to be 
maintained in the current year. The receipts from current subscriptions to the Journal 
had, however, also increased and he hoped that this would be maintained in 1952. 

The Treasurer then drew attention to the grants which had been received through the 
Royal Society from the Government Scientific Publications Grant-in-Aid and from the 
Chemical Council. These receipts had made possible the present volume of publication 
which had been maintained in a time of rising costs. Certain sums had been transferred 
to the Special Reserve Fund to replace the deficits of previous years, to cover the depreci- 
ation in the value of the Society’s investments, and to increase the Reserve for building 
and equipment. 

The Treasurer then referred to an important note which had been inserted in the 
Accounts at the request of the Society’s Auditors to the effect that no provision had been 
made for any contribution which might be required towards meeting the accumulated 
deficiency of the Bureau of Abstracts. Fellows would be aware that the Bureau was 
supported by small grants from the Physiological Society and other sources but that the 

7s 
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main income, apart from that derived from the sales of publications, came from grants made 
by the Chemical Society and the Society of Chemical Industry. The deficiency to which 
the Auditors had drawn attention consisted largely of the sums which it would be necessary 
to find to cover the cost of printing certain issues of Abstracts and the Indexes which were 
in arrears. He hoped that the renewed appeal to industry which the Chemical Council 
were now considering would provide sufficient funds to enable the Chemical Council to 
make grants to the Societies on a scale adequate not only to permit the Societies, in their 
turn, to make sufficient grants to the Bureau to meet the cost of these arrears of printing, 
but would also enable the Societies and the Bureau to continue their present volume of 
publication. He also expressed the hope that the Commonwealth organizations corre- 
sponding to the D.S.I.R. and to the Chemical Society which had expressed a desire for the 
continuation of British Abstracts would agree to contribute something towards the cost. 
At the same time, if industry was to contribute more for chemical publications, it was up to 
the Societies to take some action themselves and he had the President’s permission to say 
that the Council had recently very reluctantly decided that the annual subscription would 
have to be increased. Details would at a later date be circulated to Fellows and would 
have to be confirmed at an Extraordinary General Meeting. 

After a brief discussion, the President called upon Professor T. Dillon to propose the 
adoption of the Report of Council. This motion was seconded by Dr. J. G. Belton and was 
approved by the meeting. 

The President then announced the following Elections to the Council of the Society : 


President : 
Professor C. K. Ingold. 


Vice-Presidents who have not filled the Office of President : 
Professor E. L. Hirst. 
Sir John Simonsen. 
Elected Ordinary Members of Council : 
Constituency I : Constituency II : 
Dr. D. H. R. Barton. Dr. S. J. Gregg. 
Dr. J. Chatt. 
Dr. F. B. Kipping. 
Dr. E. A. Moelwyn-Hughes. 


Constituency III : Constituency V : 
Professor A. Robertson. Dr. N. Campbell. 
Dr. M. A. T. Rogers. 


On the motion of Professor W. Cocker, seconded by Mr. E. R. Stuart, Messrs. W. B. 
Keen and Company, Finsbury Circus House, Blomfield Street, London, E.C.2, were re- 
appointed as Auditors to the Society for 1952. 

A vote of thanks to the President, Officers, and Council for their services to the Society 
during the past year was proposed by Dr. A. G. G. Leonard, seconded by Mr. M. J. Cranley, 
and carried with acclamation. 

After a brief interval the meeting was resumed at 11.30 a.m. 

Fellows who had not previously signed the Obligation Book had an opportunity of 
doing so and were formally admitted by the President. Their names are recorded in the 
Proceedings for July, 1952. 

The President then presented the Corday—Morgan Medal and Prize for 1950, which had 
been awarded to Dr. R. S. Nyholm, to Dr. W. A. Wynes, Australian Chargé d’Affaires in 
Dublin, who received it on Dr. Nyholm’s behalf and expressed his thanks at the honour 
conferred upon an Australian chemist by the Society. 

The President then celivered his Presidential Address (J., 1952, 2479) entitled ‘‘ Colloid 
Science : A Chapter in Chemistry,”’ and in conclusion a vote of thanks to the President for 
his Address, proposed by Professor C. K. Ingold and seconded by Professor A. R. 
Ubbelohde, was carried with acclamation. 
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REPORT OF COUNCIL FOR 1951. 


IL FELLOWSHIP. 


1. General. Inthe year 1951 the number of Fellows increased by 263, and on December 
3lst, 8616 names were included in the Register. Growth over the past three years is 
shown in the following table : 


Number of Fellows on January Ist 


Additions : 
Elections 
Reinstatements 
Miscellaneous 


Deductions : 
Deaths 
Resignations 
Removals 
Miscellaneous 


Net increase in year 


It is, however, important to note that the rate of increase is much less than in the years 
immediately following the war. 

The number of new elections has been maintained, but a higher proportion of the 
candidates is resident overseas. Of the 700 candidates elected in 1951, 264 were from 
overseas (130 from the United States). The resignations and removals, on the other hand, 
are more numerous than during the years of maximum growth, and the Council is anxious 
to do everything possible to maintain a satisfactory rate of increase in Fellowship. 

In 1951, 4789 Fellows participated in the Joint Subscription Scheme sponsored by the 
Chemical Council. This represents 55-7°% of the Fellowship (4750 Fellows or 56-9°, in 
1950). 


2. Honours. The congratulations of the Society have been conveyed to the following 
Fellows awarded Honours in the New Year or Birthday Honours Lists : 


K.B.E. 
William Kershaw Slater 


Knight Bachelor 
Roger Duncalfe 
Eric Keightley Rideal, President 


C.M.G. 
Harold James Page 


The Council has also expressed the warm congratulations of the Society on the following 


awards announced by the Royal Society : 


Royal Medal 
Sir Ian Heilbron 


Davy Medal 
Sir Eric Rideal, President 








2452 One Hundred and Eleventh Annual General Meeting. 


3. Deaths. During 1951 the Council has had to record with profound regret the death 
of a former Vice-President of the Society and of two serving Members of Council whose 
names are given below. 


Professor A. J. Allmand (Vice-President 1945—1948). 

Dr. H. E. Cox (Chairman of the Joint Library Committee and ex-officio a Member of Council 
since 1948). 

Dr. E. G. V. Percival (Elected 1949). 


II. PUBLICATIONS. 


1. Journal. During 1951, 910 Scientific communications were received, 45 were 
declined, and 26 withdrawn. The Journal contained 795 items, made up as follows. The 
figures for 1948—1950 are shown for comparison : 


1949 1950 
Papers (General, Physical, and Inorganic) 147 147 
(Physical Organic *) 125 110 
, (Organic) 5 530 470 
Notes 68 73 
Lectures and Addresses 6 6 
Obituary Notices 11 16 
Annual General Meeting ‘ 
Editorial Nomenclature Report 
Report by Symbols Committee of the Royal Society 
I.U.P.A.C. List of Atomic Weights 
Report of Commission of Nomenclature 
of Inorganic Chemistry 


535 «888 
* Class first introduced in the Journal for December 1948. 


Contributions from industrial laboratories, published during 1951, totalled 90, including 


5 jointly with academic institutions; those from Industrial and Government research 
organisations totalled 61, including 9 jointly with academic institutions. 

Scientific communications from overseas, published during 1951, numbered 121, 
including 10 jointly with British laboratories (given in parentheses in the table below) : 


1948 1949 1950 1951 
47 


bo 


Hungary 
India 

[rish Republic 
Israel 

New Zealand 
South Africa 
U.S.A. 


TRAWNM Aor 


bo 
— i 
~ a ey 
eS 


| awe — 


fos) 
-1 


The following are some comparative figures for recent years : 


1948 
Papers and Notes received 
Less rejected or withdrawn 


Papers and Notes published 

No. of pages (Papers and Notes) 

No. of pages (total, excluding Indexes) 
Average no. of pages per communication 
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2. Annual Reports on the Progress of Chemistry for 1950 (Volume XLVII). These were 
issued at the end of July 1951 and, following the decision of Council to increase the size, 
contained 490 pages (333 in the previous year). 

A Cumulative Subject Index for the Annual Reports for 1904 to 1949 (Volumes I to 
XLVI) was issued. 


3. Quarterly Reviews. Volume V (1951) of Quarterly Reviews contained eighteen 
articles, occupying 423 pages (Volume IV, nineteen articles, occupying 425 pages). 


4. Memorial Lectures, Volume IV. This was issued during the year and contained 
twelve Lectures (188 pages). 


5. Nomenclature. An Editorial Report on Nomenclature for 1951 is being published 
with the index to the Journal for 1951. _ Reprints of this Report and that issued for 1950 
are available, price ls. each post free. 


Ill. MEETINGS. 


1. Scientific Meetings. Twelve Meetings were held in London during 1951. These 
included eight Lectures. At the other four Meetings, nine Papers were read and discussed. 
Official Scientific Meetings of the Society were held at provincial centres as follows : 


March Ist 
November 22nd 
December 6th 
November 9th 


Details of all Meetings, including those arranged by Local Representatives of the 
Society and held jointly with other bodies, are given in Appendix A. 


2. Anniversary Meetings. The Anniversary Meetings were held in London on March 20th 
and 2Ist. Sir Eric Rideal gave his Presidential Address, ‘‘ Concepts in Catalysis—The 
Contributions of Paul Sabatier and Max Bodenstein ”’ (J., 1951, 1640) in the afternoon of 
Tuesday, March 20th. A Reception and Conversazione was held in the Apartments of the 
Royal Society on the same evening. 

On Wednesday, March 21st, after the Annual Meeting of Local Representatives, the 
One Hundred and Tenth Annual General Meeting was held. A full report has been 
published (J., 1951,1648). Visits to research establishments were arranged in the afternoon, 
and the Anniversary Dinner was held in the evening at the Savoy Hotel. 


3. Centenary Lectures. In January Professor Dr. K. Linderstrom-Lang (Copenhagen) 
visited Great Britain at the invitation of the Society. In addition to addressing a Meeting 
in London on January 18th, Professor Linderstrom-Lang lectured in Leeds, Newcastle, 
and Sheffield. 

The Society also invited Professor R. B. Woodward (Harvard) to lecture in London 
on April 26th and also at Cambridge, Dublin, Glasgow, Liverpool, Manchester, Newcastle, 
and Nottingham. 


IV. LIBRARY. 
The Annual Report of the Joint Library Committee for 1951 is reproduced as 
Appendix B to this Report. 
V. OTHER ACTIVITIES. 


1. Seventy-Fifth Anniversary of The American Chemical Society. The President was 
the Society’s official representative at the seventy-fifth anniversary meetings of the 
American Chemical Society. An address of congratulation was presented. These meetings 
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and the XIIth International Congress of Pure and Applied Chemistry held in New York in 
September were also attended on behalf of the Society by Professor H. Burton and Dr. L. E. 
Sutton (Honorary Secretaries), Mr. J. R. Ruck Keene (General Secretary), Dr. R. S. Cahn 
(Editor), and Dr. A. D. Mitchell (Assistant Editor). A paper by Dr. Cahn and Dr. 
Mitchell on ‘‘ Chemical Nomenclature in Britain Today ’’ was read at a nomenclature 
symposium arranged by the American Chemical Society. 


2. Grants for Research. The Council has authorised grants totalling £779 13s. Od. 
to be made from the Research Fund to 39 applicants. 


3. Longstaff Medal. The Longstaff Medal for 1951 was awarded to Professor C. K. 
Ingold. 


4. Corday-Morgan Medal and Prize. The First award of the Corday—Morgan Medal 
and Prize was made during 1951, in respect of work published in 1949, to Dr. D. H. R. 
Barton. Full particulars regarding the award have been published in the Proceedings. 


5. The Chemical Council, and the Bureau of Abstracts. The Reports of the Chemical 
Council for 1950 and 1951 and the Report of the Bureau of Abstracts for 1950 are now 
available. Fellows may obtain copies of these Reports from the General Secretary. 


VI. ADMINISTRATION. 


1. Council. At the Annual General Meeting on March 2Ist, the following were 
declared elected : 


Vice-Presidents Professor G. R. Clemo, Professor D. H. Hey, 
Professor M. Stacey 

Honorary Secretaries .......0s..ccccecceseseeess Professor E. D. Hughes, Dr. L. E. Sutton 

Elected Ordinary Members of Council ... Dr. G. Baddeley, Professor Wilson Baker, Dr. 
J. Bell, Mr. H. M. Powell, Dr. H. N. Rydon, 
Professor C. W. Shoppee, Dr. J. W. Smith, 
Dr. T. S. Stevens, Professor A. R. Ubbe- 
lohde. 


Since the Annual General Meeting the following changes have taken place in the 
Membership of Council : 


Ordinary Members of Council: Mr. R. P. Bell has been co-opted as an additional 
Member of Council, under Bye-Law 19. Dr. S. J. Gregg was appointed under Bye- 
Law 42 to fill the vacancy caused by the election of Professor M. Stacey as a Vice- 
President. Dr. Neil Campbell was appointed to fill the vacancy caused by the death 
of Dr. E. G. V. Percival. 


2. Local Representatives. The Council received with regret the resignation of a number 
of Local Representatives, and the following new appointments were made : 


Dr. H. M. N. H. Irving in place of Dr. W. A. Waters. 
South Wales Dr. K. W. Sykes in place of Professor C. W. Shoppee. 
Liverpool Dr. A. K. Holliday in place of Dr. W. B. Whalley. 


During the temporary absence of Dr. G. R. Barker (Manchester) in the United States, 
Dr. H. B. Henbest has acted as Local Representative. 


VII. FINANCE. 


1. Cost of Publications. The cost of printing, paper, and distribution has again 
increased sharply during the year. In particular the price of paper has doubled within 
twelve months, and printers charges have risen by about 18%. This has inevitably led 





[1952] One Hundred and Eleventh Annual General Meeting. 2455 


to an increase in the cost of all publications, and the Journal now costs over £10 per page 
to produce and distribute. 


2. Contributions. The Council acknowledges with gratitude the sum of £5000 received 
through the Royal Society from the Government Scientific Publications Grant-in-Aid and 
an increased grant of £28,500 from the Chemical Council made possible by the generous 
response by Industry to the last appeal of the Chemical Council. These grants have 
enabled the Society to continue to publish without restriction and to increase its grant 
to the Bureau of Abstracts from £10,600 to £14,000. 


3. Library. The Council records its thanks for a contribution of £300 received through 
the Royal Society from the Government Scientific Publications Grant-in-Aid towards the 
cost of capital expenditure on the Library and for a grant of £676 19s. 9d. from the 
Chemical Council towards maintenance costs. From its own resources the Society has 
contributed £2334 8s. 9d. towards capital expenditure, as well as £750 13s. Od. towards 
maintenance. The following contributions on a membership basis have been received 
through the Chemical Council towards maintenance costs : 


The Royal Institute of Chemistry 

The Society of Chemical Industry 

The Faraday Society 

The Society of Public Analysts and Other Analytical Chemists 
The Biochemical Society 


Contributions towards maintenance costs from other sources were as follows : 


i 4. i 
The Association of British Chemical Manufacturers ..................++. 100 0 0O 
The Institute of Brewing 50 0 O 
The Society of Dyers and Colourists 


4. Insurances. The Society’s insurance policies have been reviewed, and the cover has 
been increased by appropriate amounts. 


5. Subscriptions under Covenant. There has been a ready response by Fellows who 
pay Income Tax at the full rate to enter into a Deed of Covenant with the Society in 
respect of their annual subscriptions, and a further approach has been made to those 
Fellows who have not already signed Covenants. In 1951 the amount recovered by the 
Society from the Commissioners of Inland Revenue was £895, and this will be substantially 
increased in 1952. 


6. Sir Gilbert Morgan—Bequest. The balance of the capital and accumulated income 
comprising the Corday—Morgan Memorial Fund and the Corday—Morgan Medal and Prize 
Fund has now been transferred to the Society by the Public Trustee which included the 
following investments : 


Corday—Morgan Memorial Fund. {£1035 Os. 7d. 3% Redemption Stock, 1986/96. 
Corday-Morgan Medal and Prize Fund. {£635 3s. 10d. 3° British Transport 
Guaranteed Stock, 1978/88. 


7. Investments. The following additions to the Society’s investments have been made 
during the year : 


General Purposes Account. {£160 3s. 4d. received as Life Composition Fees invested 
in £182 19s. 4d. 34%, Conversion Loan. 

Centenary Fund. {£2300 invested in £2637 10s. 6d. 34° Conversion Loan. 

Corday-Morgan Memorial Fund. {1096 4s. 2d. invested in £1186 7s. 5d. 34% 
Conversion Loan. 
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£1046 10s. 6d. invested in £1000 South Staffordshire Waterworks 4% Redeemable 
Preference Stock, 1971. 
£646 10s. 5d. invested in £788 15s. 7d. 3% British Gas Stock, 1990/95. 
Corday—Morgan Medal and Prize Fund. {£500 invested in {568 1s. 3d. 3% British 
Guiana Stock, 1975/80. 


The following stocks have also been converted at par into 3}% Commonwealth of 
Australia Bonds, 1961/64 : 


General Purposes Account. £A3000 4% Commonwealth of Australia Treasury 
Bonds, 1961. 
Centenary Fund. {£A3500 4% Commonwealth of Australia Treasury Bonds, 1961. 


VIII. REPRESENTATIVES OF THE SOCIETY ON OTHER BODIES. 
In 1951 the Society’s representation on other bodies was as follows : 
Association of British Chemical Manufacturers : 
Joint Technical Committee on Patents: Dr. J. T. Hewitt. 


Barker Committee : 
Formed to support the publication of the Barker Index of the characteristic angles 
of crystalline compounds: Dr. G. M. Bennett. 
Bristol University Court : 
Professor T. S. Moore. 


British National Committee for Chemistry : 
Professor D. H. Hey, Sir Cyril Hinshelwood, Professor M. Stacey. 





British National Committee for Crystallography : 
Dr. G. M. Bennett. 


British Standards Institution. Technical Committees : 


M h 1. Units and Technical Data : The Editor. 

C/17. Viscosity : Dr. A. E. Dunstan. 

C/18. Chemical Symbols and Abbreviations : The Editor. 

C/34. Standardisation of pH Scale: Professor H. T. S. Britton. 

CHE/36. Chemicals for Electroplating : Dr. U. R. Evans. 

DAC/-. Standards for Dairying Chemistry : Mr. Eric Voelker. 

FCC/HCC/1. Nomenclature for Fine and Heavy Chemicals Industries: The 
Editor. 


LBC/-. 


LBC/2/I. 
LBC/5. 
LBC/6. 
LBC/11. 


LBC/11/1. 
LBC/11/3. 


LBC/16. 
LGE/19. 
PCC/1. 
ROC/8. 


Scientific Glassware and Related Laboratory Apparatus: Dr. G. R. 
Davies. 

Ubbelohde Apparatus : Dr. G. R. Davies. 

Hydrometers : Mr. R. Sutcliffe. 

Standard Distillation Apparatus: Mr. R. Sutcliffe. 

Microchemical Apparatus: Mr. R. Belcher, Dr. H. D. K. Drew. 

Apparatus for Microchemical Combustion Methods: Mr. R. 
Belcher. 

Accessory Apparatus connected with Gravimetric Microanalysis : 
Mr. R. Belcher. 

Standardization of Glass Electrodes: Dr. D. J. G. Ives. 

Colour Terminology : Dr. F. M. Hamer. 

Nomenclature for Insecticides : Professor R. L. Wain. 

Rubber Tubing and Bungs for Laboratory Use: Dr. L. C. Bateman. 
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Bureau of Abstracts : 


Directors and Members: Sir Wallace Akers, Dr. G. M. Bennett, Dr. G. M. Dyson, 
Professor D. H. Hey. 


Members: Mr. R. P. Bell, Dr. A. H. Cook, Dr. H. N. Rydon, Professor W. 
Wardlaw. 


Chemical Council : 
The Treasurer, Mr. R. P. Bell, Professor H. Burton, Sir Ian Heilbron. 


City and Guilds of London Institute : 
The President. 


Faraday Society. Colloidal and Biophysics Committee : 
Dr. P. Johnson. 


Joint Library Committee : 
Dr. J. H. Burgoyne, Dr. A. H. Cook, Dr. F. Fairbrother, Dr. J. E. Garside, 
Dr. J. R. I. Hepburn, Professor D. H. Hey, Professor E. D. Hughes, Dr. D. J. G. 


Ives, Professor K. Lonsdale, Dr. H. N. Rydon, Dr. F. C. Tompkins, Professor C. 
Tyler, Professor R. L. Wain, Dr. J. Walker. 





Lawes Agricultural Trust. Committee of Management : 
Sir John Simonsen. 


Parliamentary and Scientific Committee : 
The President, General Secretary. 


Regional Council for Further Education for the South-West. Chemistry and Chemical 
Technology Committee : 


Professor W. E. Garner. 


Royal Society: Joint Standing Committee for Symbols and Abbreviations : 
Mr. R. P. Bell, The Editor. 


Royal Society : Scientific Societies Accommodation Committee : 
The President. 


Yorkshire Counsil for Further Education. Advisory Committee for Chemistry in South 
and East Yorkshire: 


Professor R. D. Haworth. 
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APPENDIX A. 
MEETINGS HELD DURING 1951. 
IN LONDON. 


Unless otherwise stated all meetings were held in the Rooms of the Society at 
Burlington House. 


January 18th, Centenary Lecture, ‘‘ Structure and Enzymic Breakdown of Proteins ’’, 
by Professor Dr. K. Linderstrom-Lang; February Ist, Meeting for reading of papers; 
February 15th, Tilden Lecture, ‘‘ Atoms and Radicals in Aqueous Solution ’’, by Professor 
F. S. Dainton; March 15th, Meeting for reading of papers; April 26th, Centenary Lecture, 
‘Some Recent Advances in the Chemistry of Natural Products’’, by Professor R. B. 
Woodward; May 3rd, Lecture, ‘‘ Chemical Evidence Relative to the Origins of the Earth 
and Planets ’’, by Professor H. C. Urey; May 10th, at the Royal Institution, Liversidge 
Lecture, ‘‘ Transient Entities in Chemical Reactions ’’, by Professor H. W. Melville; June 
7th, at the Royal Institution, Tilden Lecture, ‘‘ A Chemotherapeutic Search in Retrospect ’’, 
by Dr. F. L. Rose; October 18th, Tilden Lecture, ‘‘ The Contributions of Wave Mechanics 
to Chemistry ’’, by Professor C. A. Coulson; November Ist, Meeting for reading of papers ; 
November 15th, Meeting for reading of papers; December 13th, Tilden Lecture, ‘‘ Some 
Recent Developments in the Chemistry of Free Radical Reactions in Solution’’, by 
Professor D. H. Hey. 

OUTSIDE LONDON. 


Aberdeen. Joint meetings with the local sections of the Royal Institute of Chemistry 
and the Society of Chemical Industry, at Marischal College, Aberdeen: February 22nd, 
Lecture, ‘‘ lon Exchange in Crystals’’, by Professor R. M. Barrer; March 22nd, Lecture, 
‘“‘ Chemistry in Relation to Soil Science ’’, by Dr. W.T. H. Williamson ; October 25th, Lecture, 
‘‘ Applications of Electric Dipole Moments to the Determination of Structure ’’, by Dr. 
L. E. Sutton; November 15th, Lecture, ‘‘ Mould Metabolic Products’’, by Professor A. 
Robertson; December 14th, Lecture, ‘‘ The Trout’s Habitat ’’, by Mr. A. Dargie. 

Birmingham. Joint meetings with the University Chemical Society, at the University : 
January 26th, Lecture, ‘‘ The Structure of Recently Isolated Timber Extractives’’, by 
Professor F. E. King; March 16th, Lecture, ‘‘ Some Recent Advances in the Chemistry of 
Fluorine Compounds ’’, by Professor H. J. Emeléus; May 11th, Lecture, ‘‘ Recent Develop- 
ments and Applications of Infra-red Spectroscopy ’’, by Dr. H. W. Thompson; October 
26th, Lecture, ‘‘Some Aspects of Oxidation and Corrosion’’, by Dr. U. R. Evans; 
December 7th, Lecture, ‘‘ Cortisone’’, by Professor C. W. Shoppee. 

Bristol. Joint meetings with the local sections of the Royal Institute of Chemistry and 
the Society of Chemical Industry, at the University, unless otherwise stated : January 11th, 
Lecture, ‘‘ Modern Laboratory Glass Apparatus ’’, by Quickfit and Quartz; February 7th, 
at Gloucester Technical College, Lecture, ‘‘ Some Aspects of Polysaccharide Chemistry ’’, by 
Dr. J. K. N. Jones; February 8th, Lecture, ‘‘ The Structural Relationships in the Group 
of Cell-wall Polysaccharides ’’, by Professor E. L. Hirst; March Ist, Lecture, ‘‘ Solid and 
Catalytic Reactions with Reference to the Practical Problems of Industry ’’, by Professor 
W. E. Garner; March 15th, Lecture, ‘‘ Recent Progress in the Study of Metal Oxidation 
and Corrosion’, by Dr. W. H. J. Vernon; October 4th, Lecture, ‘‘ Some Thoughts on 
Chemical Safety ’’, by Mr. A. Webster; November Ist, Lecture, ‘‘ Modern Applications 
of Analysis’’, by Mr. R. Belcher; November 22nd, Lecture, ‘‘ Developments in Anti- 
biotics ’’, by Dr. B. K. Kelly; November 29th, at Gloucester Technical College, Lecture, 
“Recent Advances in Coal Science’’, by Dr. R. Gordon; December 6th, Lecture, 
“Chemical Engineering Applied to the Fertilizer Industry ’’, by Mr. R. P. Ross. 

Cambridge. Joint meeting with the University Chemical Society, in the University 
Chemical Laboratory: April 27th, Centenary Lecture, ‘‘Some Recent Advances in the 
Chemistry of Natural Products ’’, by Professor R. B. Woodward. 

Edinburgh. Joint meetings with the local sections of the Royal Institute of Chemistry 
and the Society of Chemical Industry, at the North British Station Hotel, unless otherwise 
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stated: January 18th, Lecture, ‘‘ Some Problems in the Structure and Physical Properties 
of Industrial High Polymers ’’, by Professor P. D. Ritchie; February 6th, joint also with 
the University Chemical Society, at the University, Lecture, ‘‘ Application of Exothermic 
Solid Reactions to Jet Propulsion and Industrial Purposes ’’, by Dr. J. Taylor; February 
22nd, Lecture, ‘‘ Some Aspects of Infra-red Measurements ’’, by Dr. H. W. Thompson; 
March 15th, Lecture, ‘Some Observations on Materials of Construction for Chemical 
Plant;’’, by Dr. N. P. Inglis; 18th October, Lecture, ‘‘ Micro-Photography—tThe Pro- 
duction of Minute Photographs ’’, by Dr. G. W. W. Stevens; 15th November, Lecture, 
“Life and Work of William Higgins’’, by Professor T. S. Wheeler; December 13th, 
Lecture, ‘‘ The Assimilation of Amino-acids by Bacteria ’’, by Dr. E. F. Gale. 

Exeter. At the Washington Singer Laboratories: January 19th, Meeting for reading 
of papers; February 5th, Lecture, ‘‘ The Chemistry of Carbon and Silicon ’’, by Professor 
E. D. Hughes; March 10th, joint meeting with the local sections of the Royal Institute 
of Chemistry and the Society of Chemical Industry, Discussion, ‘‘ Training of Scientists ’’ ; 
September 27th to 29th, Joint meeting with the British Society of Rheology, Conference, 
‘“‘The Rheology of Films and Surfaces’’; November 23rd, joint meeting with the local 
sections of Royal Institute of Chemistry and the Society of Chemical Industry, Lecture, 
“Recent Work on Inorganic Oxides ’’, by Dr. J. S. Anderson. 

Glasgow. January 19th, at the University, Lecture, ‘‘ Positive Ions in Aromatic 
Substitutions ’’, by Professor C. K. Ingold; February 16th, at the Royal Technical College, 
Annual General Meeting and Meeting for reading of papers; May 11th, at the University, 
Centenary Lecture, ‘‘Some Recent Advances in the Chemistry of Natural Products ’’, by 
Professor R. B. Woodward; October 26th, at the University, joint meeting with Alchemists’ 
Club and Andersonian Chemical Society, Lecture, ‘‘ Chemicals as a Source of Energy, with 
Special Reference to Industrial Applications and to Jet Propulsion ’’, by Dr. J. Taylor; 
November 16th, at the Royal Technical College, Lecture, ‘‘ Aluminium Halide as a Reagent 
in Organic Chemistry ’’, by Dr. G. Baddeley. 

Hull. At University College: February Ist, joint meeting with University College 
Scientific Society, Lecture, ‘‘ The Comparative Chemistry of Carbon and Silicon’’, by 
Professor E. D. Hughes; March Ist, Official Meeting of the Society and Tilden Lecture, 
‘“‘ Atoms and Radicals in Aqueous Solution ’’, by Professor F. S. Dainton; October 25th, 
Lecture, ‘‘ Some Methods of Measuring Reaction Velocities in Solution ’’, by Mr. R. P. Bell; 
November 22nd, Lecture, ‘‘ The Structural Chemistry of Colchicine and Some of its 
Biological Properties ’’, by Professor J. W. Cook. 

Trish Republic. March 9th, at Trinity College, Dublin, joint meeting with the Werner 
Society, Lecture, ‘‘ The Structure of Macrozamin’’, by Dr. B. Lythgoe; at University 
College, Dublin, March 14th, joint meeting with the Institute of Chemistry of Ireland, 
Lecture, ‘‘ The Production and Applications of Radioactive Isotopes ’’, by Mr. S. H. Bales, 
and March 28th, Lecture, ‘‘ William Higgins, 1763-1825’’, by Professor T. S. Wheeler ; 
joint meetings with the Institute of Chemistry of Ireland, the Royal Institute of Chemistry, 
and the Society of Chemical Industry, at Trinity College, Dublin, University College, 
Cork, and University College, Galway, on April 4th, 6th, and 9th, respectively, Lecture, 
‘‘Humour and Humanism in Chemistry’’, by Professor J. Read; at Trinity College, 
Dublin: May 21st, Centenary Lecture, ‘‘Some Recent Advances in the Chemistry of 
Natural Products’’, by Professor R. B. Woodward; May 25th, joint meeting with the 
Werner Society, Lecture, ‘‘ Electron-transfer Reactions’’, by Professor M. G. Evans; 
November 9th, joint meeting with the Werner Society, Lecture, ‘‘ Reactions of Hydro- 
carbon Radicals ’’, by Professor C. E. H. Bawn; December 12th, Lecture, ‘‘ Novel Cyto- 
toxic Agents ’’, by Dr. F. L. Rose. 

Leeds. At the University: January 16th, Centenary Lecture, ‘‘ Structure and 
Enzymic Breakdown of Proteins’’, by Professor Dr. K. Linderstrom-Lang; April 24th, 
joint meeting with the University Chemical Society, display of scientific films and Lecture, 
‘“‘ The Use of Optically Active Compounds in the Study of Organic Reactions ’’, by Dr. J. 
Kenyon; October 23rd, Royal Institute of Chemistry Lecture, ‘‘ Rockets and Chemistry ”’, 
by Dr. J. G. A. Griffiths; November 5th, Royal Institute of Chemistry Lecture, ‘‘ The 
Ubiquitous Chemist”’, by Mr. H. W. Cremer; November 22nd, Official Meeting of the 
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Society and Tilden Lecture, ‘‘ Some Recent Developments in the Chemistry of Free-radical 
Reactions in Solution ’’, by Professor D. H. Hey. Fellows were invited to all meetings of 
the Royal Institute of Chemistry, Leeds Area Section, as well as those organised by other 
bodies. 

Liverpool. At the University: joint meetings with the local sections of the Royal 
Institute of Chemistry, the Society of Chemical Industry and the British Association of 
Chemists, January 25th, Lecture, ‘‘ The Mammary Gland as a Factory’’, by Professor 
H. D. Kay, February 8th, Lecture, ‘‘ Some Recent Developments in Photochemistry ’’, by 
Professor R. G. W. Norrish, and March 8th, Lecture, ‘‘ Polyacetylenes’’, by Professor 
E. R. H. Jones; May 17th, Centenary Lecture, ‘‘ Some Recent Advances in the Chemistry 
of Natural Products ’’ by Professor R. B. Woodward; October 25th, joint meeting with 
the local sections of the Royal Institute of Chemistry, the Society of Chemical Industry 
and the British Association of Chemists, Lecture, ‘‘ Some Recent Work on Large-ring Com- 
pounds ’’, by Professor W. Baker; December 6th, Lecture, ‘‘ New Developments in Methods 
for following Fast Chemical Reactions ’’, by Professor H. W. Melville. 

Manchester. At the University, unless otherwise stated: February 15th, Meeting for 
reading of papers; March 15th, Symposium, ‘‘ The Chemistry of Cell Division ’’ (meeting 
abandoned after morning session); May 16th, Centenary Lecture, ‘‘ Some Recent Advances 
in the Chemistry of Natural Products’’, by Professor R. B. Woodward; October 18th, 
joint meeting with the local sections of the Royal Institute of Chemistry and the Society 
of Chemical Industry, Lecture, ‘‘ Some Problems in the Oxidation of Hydrocarbons ’’, by 
Professor A. R. Ubbelohde; November Ist, Meeting for reading of papers; November 14th, 
at the College of Technology, joint meeting with the local sections of the Royal Institute of 
Chemistry and the Society of Chemical Industry, Lecture, ‘‘ Anatomy of the Chemist ’’, by 
Dr. T. S. Stevens; November 21st, joint meeting with the Institute of Physics, Lecture, 
“‘Some Modern Aspects of Molecular Interaction ’’, by Professor A. Michels; December 
7th, at the Engineers’ Club, joint meeting with the local sections of the Royal Institute of 
Chemistry and the Society of Chemical Industry, Lecture, ‘‘ Scientific Problems in 
D.S.1.R.’’, by Sir Ben Lockspeiser. 

Newcastle and Durham. At King’s College, Newcastle-on-Tyne, unless otherwise 
stated: January 22nd, Centenary Lecture, ‘‘ Structure and Enzymic Breakdown of 
Proteins ’’, by Professor Dr. K. Linderstrom-Lang; February 23rd, Bedson Club Lecture, 
‘Metabolic Products of Moulds’’, by Professor A. Robertson; March 2nd, Meeting for 
reading of papers; May 9th, Centenary Lecture, ‘‘ Some Recent Advances in the Chemistry 
of Natural Products’’, by Professor R. B. Woodward; May llth, Bedson Club Lecture, 
““Some Applications of the Isotope Technique to the Study of Cell Metabolism ’’, by 
Professor H. A. Krebs; October 26th, Bedson Club Lecture, ‘‘ Recent Advances in the 
Chemistry of Insulin’’, by Professor A. C. Chibnall; November 9th, Meeting for reading 
of papers; November 2lst, at the Science Building, South Road, Durham, joint meeting 
with the local sections of the Royal Institute of Chemistry and the Society of Chemical 
Industry, Lecture, ‘‘ The Structural Chemistry of Colchicine ’’, by Professor J. W. Cook; 
November 23rd, Bedson Club Lecture, ‘‘The Transfer of Hydrogen between Organic 
Compounds ’’, by Professor R. P. Linstead. Fellows were invited to the meetings of the 
Bedson Club. 

North Wales. Joint meetings with the University College of North Wales Chemical 
Society, at University College of North Wales, Bangor: February Ist (with the University 
of Liverpool Chemical Society), Lecture, ‘‘ What is a Chemical Bond ?’’ by Professor C. A. 
Coulson; May 3rd, Lecture, ‘‘ Oxidation’’, by Professor M. G. Evans; November 8th, 
Lecture, ‘‘ New Methods of following the Course of Chemical Reactions’’, by Professor 
H. W. Melville; December 6th (with the local section of the Royal Institute of Chemistry), 
Lecture, ‘‘ Chemistry and Atomic Power ’’, by Dr. R. Spence. 

Northern Ireland. At Belfast, joint meetings with the local sections of the Royal 
Institute of Chemistry and the Society of Chemical Industry, unless otherwise stated : 
January 10th, Lecture, ‘‘ The Photographic Image ’”’, by Dr. H. R. Wright; February 7th, 
joint meeting with the local section of the Royal Institute of Chemistry and the Plastics 
Group of the Society of Chemical Industry, Lecture, ‘‘ A New Monomer: Acenaphthylene, 
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its Polymers and Co-polymers’’, by Mr. A. Fowler Williams and Mr. M. Kaufman; March 
2st, Lecture, ‘Some Effects of the Alteration of the Thyroid Function on the Growth 
and Development of Farm Animals’’, by Mr. K. Robinson and Mr. W. Brown; April 
5th, Lecture, ‘‘ 48 Years in the Profession of Chemistry ’’; by Mr. R. F. Innes; September 
14th, Lecture, ‘‘ Recent Developments in the Chlorination of Water’’, by Mr. H. Pirie; 
October 23rd, joint meeting with The Andrews Club, Lecture, “ Polyacetylenes’’, by 
Professor E. R. H. Jones; October 24th, Lecture, ‘‘ An Innocent Scientist Abroad ’’, by 
Dr. C. L. Wilson; November 13th, Lecture, ‘‘ The Organic Chemist’s Approach to the 
Chemotherapy of Tubercuiosis’’, by Dr. V. C. Barry; December 14th, Lecture, ‘‘ The 
Industrial Utilisation of Agricultural By-products ’’, by Dr. F. N. Woodward. 

Nottingham. At the University, joint meetings with the University Chemical Society, 
unless otherwise stated: February 8th, Lecture, ‘‘ Organic Syntheses at Anodes’’, by 
Professor R. P. Linstead; February 22nd, Lecture, ‘‘ The Breakdown of Macromolecules ’’, 
by Professor H. W. Melville; May 4th, Centenary Lecture, ‘‘ Some Recent Advances in the 
Chemistry of Natural Products’’, by Professor R. B. Woodward; November 6th, at 
University College, Leicester, joint meeting with the University College Chemical Society, 
Lecture, ‘‘ Molecular Compounds ’’, by Mr. H. M. Powell; November 8th, Lecture, ‘‘ Some 
Problems concerning the Synthesis of Carbohydrates by Plants ’’, by Professor E. L. Hirst ; 
November 22nd, Lecture, ‘‘ Reactions of Hydrocarbon Radicals ’’, by Professor C. E. H. 
Bawn. 

Oxford. Fellows were invited to the following Alembic Club Lectures held in the 
Physical Chemistry Laboratory : October 22nd, Lecture, ‘‘ Some Equilibria and Reactions 
of Sulphur’’, by Dr. G. Gee; November 5th, Lecture, ‘‘ Steric Retardation and Steric 
Acceleration ’’, by Professor E. D. Hughes; November 26th, Lecture, ‘‘ Chemistry and 
Atomic Power ’’, by Dr. R. Spence. 

St. Andrews and Dundee. At United College, St. Andrews, unless otherwise stated : 
January 12th, joint meeting with St. Andrews University Chemical Society, Lecture, ‘‘ The 
Synthesis of Some Natural Products by means of Acetylenic Compounds ’’, by Dr. R. A. 
Raphael; January 18th, at University College, Dundee, Lecture, ‘Some Physical Pro- 
perties Associated with x-Electrons’’, by Professor A. R. Ubbelohde; January 26th, joint 
meeting with St. Andrews University Chemical Society, Lecture, ‘‘ A Chemist in In- 
dustry ’’’, by Mr. R. S. Lumsden; February 8th, at University College, Dundee, joint 
meeting under the auspices of the British Association (Dundee) Trust, Lecture, ‘‘ Radio 
Waves from the Sun and Stars’’, by Sir Edward Appleton; February 9th, joint meeting 
with St. Andrews University Chemical Society, Lecture, ‘‘ The Formation and Reactions 
of Free Radicals produced by Photo-excitation ’’, by Professor M. G. Evans; February 
15th, at University College, Dundee, Lecture, ‘‘ Structural Chemistry ’’, by Professor 
W. Wardlaw; February 23rd, joint meeting with St. Andrews University Chemical 
Society, Lecture, ‘‘Some Recent Aspects of Infra-red Measurements’’, by Dr. H. W. 
Thompson; March 2nd, Lecture, ‘‘ Analysis of Proteins and Amino-Acids’’, by Professor 
H. D. Springall; Joint meetings with the St. Andrews University Chemical Society : 
April 13th, Lecture, ‘‘ Laboratory Animals: their Uses and Productions’’, by Mr. A. L. 
Bacharach, April 27th, Lecture, ‘‘ Whence come Meteorites? Views Ancient and Modern ”’ 
by Professor F. A. Paneth; October 19th, Lecture, ‘‘ William Davidson, ‘ Nobilis Scotus’ : 
a Romance of 17th-century Chemistry’’, by Professor John Read; November 28th, 
Lecture, ‘‘ Scientific Aids in Criminal Investigation ’’, by Professor F. G. Tryhorn; November 
14th, Lecture, ‘‘ William Higgins (1763-1825): His Life and Work’’, by Professor 
T. S. Wheeler; November 16th, Lecture, ‘‘ The Transfer of Hydrogen between Organic 
Compounds ’’, by Professor R. P. Linstead. 

Sheffield. At the University: January 15th, Centenary Lecture, ‘‘ Structure and 
Enzymic Breakdown of Proteins’’, by Professor Dr. K. Linderstrom-Lang; joint 
meetings with the University Chemical Society : February Ist, ‘“‘ Catalysed Oxidations ’’, 
by Professor C. E. H. Bawn, March Ist, Lecture, ‘‘ The Chemistry of Extractives from 
Hard Woods ’’, by Professor F. E. King, May 3rd, Lecture, ‘‘ Oxide Catalysts ’’, by Professor 
W. E. Garner; October 11th, joint meeting with the local section of the Royal Institute of 
Chemistry, Lecture, ‘‘ Colour Photography ’’, by Dr. H. Baines; joint meetings with the 
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University Chemical Society : November 8th, Lecture, ‘‘ The Synthesis of Sugars ’’, by 
Dr. J. K. N. Jones, November 29th, Lecture, ‘‘ Natural Complex Pyrylium Bases ’’, by 
Professor A. Robertson. 

Southampton. At University College, Southampton, unless otherwise stated: January 
26th, joint meeting with University College Chemical and Physical Societies and the Mid- 
Southern Counties Section of the Royal Institute of Chemistry, Lecture, ‘‘ Neutron 
Diffraction by Crystals ’’, by Professor K. Lonsdale; February 23rd, joint meeting with 
University College Chemical Society, Lecture, ‘‘ What is a Chemical Bond ? ’’, by Professor 
C. A. Coulson; October 30th, joint meeting with the Portsmouth and District Chemical 
Society at the Municipal College, Portsmouth, Lecture, ‘‘ Nitration and Nitrating Agents ’’, 
by Professor C. K. Ingold; joint meetings with the University College Chemical Society : 
November 2nd, Lecture, ‘‘ The Chemistry of Co-enzyme-A ’’, by Dr. J. Baddiley ; November 
16th, Lecture, ‘‘ The Modern Theory of Aromatic Systems ’’, by Dr. H. C. Longuet-Higgins ; 
December 7th, Lecture, ‘‘ Some Recent Developments in the Chemistry of the Heaviest 
Elements ’’, by Dr. J. S. Anderson. 

South Wales. At University College, Cardiff, January 26th, joint meeting with the 
University College Chemical Society, Lecture, ‘‘ Homolytic Aromatic Substitution ’’, by 
Professor D. H. Hey; at University College, Swansea, February 2nd, joint meeting with 
the University College Chemical Society, Lecture, ‘‘ What is a Chemical Bond? ’’, by 
Professor C. A. Coulson; at University College, Cardiff, March Ist, joint meeting with the 
University College Chemical Society, Lecture, ‘‘ Some Naturally Occurring Derivatives of 
Tropolones ’’, by Professor A. R. Todd; at University College, Swansea, March 2nd, joint 
meeting with the University College Chemical Society and the local section of the Royal 
Institute of Chemistry, Lecture, ‘‘ Some Naturally Occurring Derivatives of Tropolones’’, 
by Professor A. R. Todd; at University College, Cardiff, March 8th, joint meeting with 
the University College Chemical Society, Lecture, ‘‘ Some Aspects of Infra-red Measure- 
ments in Chemistry ’’, by Dr. H. W. Thompson; at University College, Swansea, October 
26th, joint meeting with the University College Chemical Society and the local section of 
the Royal Institute of Chemistry, Lecture, ‘‘ Electrochemical Aspects of Colloid Science ’’, 
by Mr. D. C. Henry; at University College, Swansea, November 9th, Official Meeting for 
reading of papers. 





APPENDIX B. 
ANNUAL REPORT OF THE JOINT LIBRARY COMMITTEE FOR THE YEAR 1951. 


The increasing volume of work in the Library during the year is reflected in the figures 
given below. 

Photostat copies were supplied from 4113 printed pages, compared with 3952 in 1950. 
Attendances by readers numbered 10,489, against 10,415 in 1950, and books issued increased 
by 797, to a total for the vear of 9091, of which 3795 were issued by post, against 3284 the 
previous year. Telephone enquiries again showed an increase, reaching a total of 2517 for 
the year. In the period under review, 358 books were added to the Library, 94 of which 
were presented. The number of complete volumes of periodicals added was 712, and 360 
pamphlets were also added. The total number of volumes in the Library is now 52,644, 
of which 16,153 are books and 36,491 are complete volumes of periodicals. Satisfactory 
progress has been made with the binding of volumes which, owing to the war, had to wait 
until materials were available. 

Additions 
Books ¥. Volumes of 
Attendances. borrowed. Books. Periodicals. Pamphlets 


10,489 9091 (3795 by Post) 358 712 360 
10,415 8294 (3284 by Post) 22 898 233 





———, 
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The Committee sustained a serious loss during the year owing to the untimely death of 
its Chairman, Dr. H. E. Cox, whose untiring services have been of such benefit to the 
Library. A further loss to the Committee occurred in the death of Professor A. J. Allmand. 

The Committee has appointed a Publications Exchange Sub-Committee to consider 
requests received by the various Societies for the exchange of publications, in order to 
achieve co-ordination in such exchanges. 

Visits to the Library have included one from an Indian Librarian studying library 
systems in this country, and also from students in Librarianship from a London College. 

Serious difficulties over accommodation for books will again shortly have to be faced. 
Extensive rearrangement is in hand, and some temporary shelving erected in the basement 
stores and in the smaller Library Annexe will give slight and temporary alleviation, but 
the question will soon need further serious consideration. 

Presentation copies of books from Publishers, Fellows, and others have again given 
much pleasure, and the Committee records its sincere thanks to all donors. 
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PRESIDENTIAL ADDRESS. 


DELIVERED BEFORE THE CHEMICAL SOCIETY IN DUBLIN ON APRIL 16TH, 1952, 


Colloid Science: A Chapter in Chemistry. 
By Srr Eric Ripeat, M.B.E., M.A., D.Sc., F.R.S. 


OnE of the minor exercises of one’s youth consisted in taking a long country walk in company 
and on one’s return writing down in essay form the impressive features of one’s journey. One 
could not help being greatly impressed by the apparent diversity in the treatment of what was 
essentially the same subject matter. ‘‘ Quot mentes tot sententiae.’’ In the writing of that 
chapter of science which is now termed “ colloid science,’’ similar variations in emphasis will be 
imparted to it by different historians. 

It is well known that our first President, Thomas Graham (1861), was responsible for the 
criterion of diffusibility as a distinction between colloids and crystalloids. 

This recognition of the colloid state in its turn gave rise to a wide variety of preparative 
methods, both by condensation and by dispersion, since at that time the macromolecule as a 
colloidal entity had not been envisaged. 

The foundations of the exact science, with its own particular discipline and methods, may 
be said to have been laid when recognition was given to the fact that separating any two bulk 
phase systems there always existed a third or interphase—Wolfgang Ostwald’s “ forgotten 
dimension.” It is with the properties of what the late Sir William Hardy termed “‘ matter in 
the boundary state ” and with the effects of subdivision and dispersion which cause the inter- 
phase to become progressively more important in determining the behaviour of the system as a 
whole, that colloid science is concerned. 

Liquid interfaces are surfaces of equipotential; since by their nature it is possible to deter- 
mine the free surface energy by direct experimental methods and thus to test any theoretical 
relation it is not surprising that the thermodynamic treatment of liquid interphases was rapidly 
developed. The effects of curvature and charge on the equilibrium vapour pressure, and the 
composition of the surface phase of capillary active solutions, studied respectively by Lord 
Kelvin and Willard Gibbs, may be mentioned as two of the most important relations. It is of 
interest to observe how in the development of the science, important questions have been raised 
and regions of enquiry have been marked out in direct consequence of consideration of these 
two fundamental thermodynamic expressions. 

Thus, the ascent of liquids in capillary tubes should in principle give us a method of deter- 
mining the range of molecular action. In spite of the general acceptance of a force law of the 


A B nhs 4 ‘ , hte ee . ; ; 
type - ion for non-ionic or apolar interaction, there is still discussion concerning the possible 


existence of long-range forces. Kelvin himself believed that capillaries of some 10u diameter 
represented the lower limit at which the equation was applicable ; but the recent work of Carman 
has made it clear that we can safely go down to molecular magnitudes, probably even down to 
one molecular diameter. The matter is clearly important in connection with the retention of 
vapours in liquid form in capillary systems such as charcoals, powders, or the multitudinous 
gel-like hydrated oxides. 

Again, the ascent of liquids in capillary tubes may involve what is generally termed the 
wetting or contact angle. The equation derived from the simple application of the triangle of 
forces in the form 

cos 8 = (Ysv — Ys) /Yiv 


where ysy, Ys, and y,y refer to the solid—vapour, solid—liquid, and liquid—vapour free energies, 
has been employed to gain some information on adhesion to solids and the effects both of surface 
roughness and of the nature of the solid surface examined. 

It is in the correlation of thermodynamic with molecular concepts that problems arise. It is 
not difficult to visualise the concept of wetting or not wetting, but a finite wetting angle must 
involve specific molecular interaction. Water will wet clean mica in the sense that it will 
spread over the surface. If a monolayer of barium stearate is placed on the mica surface, a 
drop of water on this surface forms a re-entrant angle. If we now take a fresh mica sheet and 
treat it with a barium salt (e.g., barium chloride) in order to replace the surface cations by barium 
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and press this treated sheet on to the barium stearate covered surface, we find on cessation of the 
contact that the wetting angle on both mica sheets is now substantially the same and has a larger 
value than had the originally close-packed monolayer-covered sheet. Clearly we have trans- 
ferred some of the stearate molecules from one sheet to the other, and the surface population 
of hydrophobic groups has thus a profound effect on the magnitude of the wetting angle and on the 
free-surface-energy changes involved in wetting. 

The effects of relatively small changes in the surface population on the apparent free energy 
of the surface can be noted in quite a different field. It is well known that crystal growth can 
be modified by small additions of materials which are selectively adsorbed on certain facets of the 
growing crystal. Whilst the amount of, say, adsorbed cetylpyridinium bromide required to 
modify the growth of crystals of succinic acid is difficult to determine exactly, it is certainly less 
than a packed monolayer. If growth on the planes takes place at ‘‘ Lockerstellen ’’ or kinks in 
the molecular terraces it is possible that adsorption at these sites alone is necessary to control 
the growth. 

The simplest application of the Kelvin equation to spherical drops has again in recent years 
been of importance in an understanding of the formation of mists and of aerosols. The free 
energy of a spherical drop of liquid can be written. 

A 


4 P 
AG = 4nr’y — 3 nr i RT log P. 


We see that, when dAG/dr = 0, then RT log P/P, = 2yM/r.A 


thus the Kelvin equation gives us a means of determining the radius (r,) of the smallest drop 
endowed with stability. Drops of smaller size are essentially unstable and are usually termed 
nuclei or embryos. During the process of condensation an embryo occasionally attains the 
critical size, whereafter it will continue to grow to form the mist. The work of Volmer and of 
Becker and Dorey is of special interest in this connection. The embryos for a number of liquids 
must acquire about 100 molecules before the critical size is attained; for solids, numbers as low 
as 7 molecules per embryo have been cited. It is evident that embryos formed from ionic con- 
stituents in which the “ ordering’’ forces are great may attain a stable configuration and size 
more readily than those in which van der Waals forces alone are operative between the con- 
stituent molecules. It is clear that much has yet to be learnt about the mechanism of growth of 
the embryo. 

We see that the Kelvin equation has given rise to a number of important considerations, 
many of which open up vistas of still uncharted territory. 

In the same way the Gibbs equation and its implications may be said to be the thermo- 
dynamic background of a large section of the science. One of its most important consequences 
lay in the implication that the Gibbs dividing line could be placed one molecule below the free 
boundary surface, or that the Gibbs layer or the interphase was but one molecule in thickness. 
This led to the concept of the orientated monolayer, an idea advanced almost simultaneously by 
Devaux in France, Sir William Hardy in England, and Irving Langmuir in the United States. 
The properties of orientated monolayers of insoluble but film-forming materials have been the 
subject of much interesting work during the last thirty years. 

We call to mind that such monolayers can exist in several states—gaseous, vaporous, liquid, 
and solid. The conditions of phase equilibrium, the free energies, the heat and entropy changes 
involved in two-dimensional phase transitions, as well as the identification of phase changes of 
second and higher orders, have all been separately investigated. Satisfactory equations of 
state for many of these two-dimensional systems have also been established both at liquid— 
liquid and at liquid—gas interphases. Every year we find additions to our knowledge of the 
surface pressures, potentials, and viscosities of such systems, and there is a continuous stream of 
records of the interesting results which arise from chemical reactions between similarly orientated 
molecules in the monolayer and reactants injected into the substrate. 

It must also be observed that Gibbs never visualised the existence of different surface phases, 
the nature of which depends on the density of surface population. Whilst the assumption that 
the Gibbs dividing line can be drawn beneath the monolayer appears justified in many cases, it 
is certainly not valid for solutions of ampiphatic electrolytes at appreciable ionic concentrations. 
For such accumulations in a second and even in thicker layers appear to take place, apparently 
always above the “‘ micelle’ point. We still know little about the composition of the surface 
phase of binary mixtures. The progressive addition of soaps in emulsion systems reveals such 
interfacial accumulations in that the interface is reversed, first hydrophobic, then hydrophilic, 
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and then hydrophobic again, whilst solvated orientated multilayers readily form on the surface 
of concentrated soap solutions. 

More recently studies of the rates of attainment of surface equilibrium and of the rates of 
solution of the surface phase have revealed the existence of a potential barrier between surface 
and bulk phase. The distribution of ions beneath the monolayer has been shown to follow that 
originally postulated by Gouy, but our knowledge of the equation of state of an ionised mono- 
layer supported on a solution of electrolyte is as yet far from complete. The rate of transport 
across oil-water boundaries would evidently be of value in elucidating the problem of cell- 
wall permeability. I might mention the work of Sjolin on the diffusion of salicylic acid across 
the benzene—water interface, of Irwin on dyes at the water-chloroform interface, of Hutchinson 
on alcohols at the benzene—water interface, and of Davies on salts at the nitrobenzene—water 
interface. 

We note that the Nernst partition coefficient K must be equal to the ratio of the specific 
velocity coefficients across the boundary in both directions, k,y and ky,. The free energy of 
passage across the interface can be calculated from the expression 


1 /RT _ AF 
RA] 2xm RT 


For potassium iodide diffusing from water to nitrobenzene, Davies found k,,, = 2-7 x 10-* cm. 
sec.1,. Inserting the value m5 = 8-76, we find, at 25° c, AF = 15,700 cal./mole. The value of 
Row was found to be 1-5 x 10cm. sec.+, and AF is accordingly 10,600 cal./mole. The partition 
coefficient is evidently K = e(AF,, — AF,y)/RT = 5-5 x 10%. 

Since the activation energy for free diffusion of this salt in water is only 3000 cal./mole, the 
barrier in moving from water to nitrobenzene is over five times that for free migration. A 
really reliable method for obtaining true transfer rates is desirable since these preliminary 
results in which diffusive limitations may not have been entirely eliminated have proved so 
interesting. 

Emulsions form one of the most important classes, as well as one of the oldest, of colloid 
systems, but their stability and the exact causes of the phenomenon of spontaneous emulsific- 
tion are as yet not clearly understood. 

A micelle of a soap in aqueous solution will be stable against further growth because the 
electrical potential at the interface builds up steeply as more detergent ions enter the already 
charged surface and this gain in electrical energy balances the energy gained from van der Waals 
forces acting between the hydrocarbon tails. An invert emulsion, e.g., of soap in paraffin, 
is likewise stable because clustering of the polar heads, usually in the presence of traces of water, 
is limited by their mutual electrical repulsion. The interfacial energies in both cases are thus 
zero. It is clear that a hydrocarbon oil can be introduced into the cluster of hydrocarbon tails 
constituting the micelle of the first type, this being the process of solubilisation. Up to certain 
limits the system remains thermodynamically stable and optically clear, although light scattering 
can be observed with a sensitive photomultiplier tube. The limit is attained when the detergent 
film on the surface is so distended by the imbibition of the solubilised hydrocarbon between the 
chains that addition of more soap ions from neighbouring micelles, as well as of oil therefrom, 
is no longer prevented by the high electrical barrier, so that the solubilising micelles coalesce to 
emulsion droplets and in due course the system will “ break.’’ The invert micelle with oil as 
the continuous phase will likewise ‘‘ break ’’ when the addition of sufficient water permits the 
entry of more soap molecules. Whilst such transport of soap from one emulsion particle to 
another is possible the emulsion cannot be regarded as stable, and in consequence much attention 
has been given to the use of insoluble surface-active agents as emulsifiers, e.g., the proteins. 

Emulsions stabilised with ionic detergents, although not essentially stable systems, possess 
a long life since the potential barrier set up is relatively great and may amount to more than 
200 mv, the coalescence rate being thereby reduced to less than one ten-thousandth of that 
expected for uncharged droplets. 

We must note that this potential barrier normal to the surface is greater than that portion of 
it determined by results of shear parallel to the surface, the electrokinetic or zeta potential, 
which is usually of the order of 50 mv. 

Invert emulsions appear to be stabilised by the viscosity of the closely packed hydrocarbon 
tails, held together by the cluster of hydrated heads. We thus note that emulsion stability 
involves consideration of the stabilising influence of charge, surface viscosity, surface rigidity, 
and elasticity, as well as interfacial tension, and the literature reveals that quantitative methods 
of investigating these factors are now being given active consideration. 

7u 
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Equally important are the questions which have arisen concerning the solid—gas interface. 
Whilst the distinction between physical adsorption and chemisorption is now generally recog- 
nised, there still exists a large difference of opinion in respect to the properties and behaviour of 
matter in these two states. 

Physical-adsorption methods are now generally employed for determination of the specific 
surface of solids. The various forms of adsorption isotherms of vapours have been frequently 
interpreted in terms of multilayer formation, but experimental data can as readily be interpreted 
as the filling of capillaries by condensed liquid. Again the contrasting mechanism of con- 
densation of, say, the vapour of acetone with that of amyl alcohol, where in the former case 
multilayers are formed and in the latter the sudden appearance of a condensed liquid phase, 
reveals the danger of generalisation. 

Again, for, say, potassium-on-tungsten or toluene-on-mercury surfaces, we have evidence for 
the growth of a two-dimensional liquid phase at the expense of a surface vapour as the partial 
pressure of the adsorbent is increased, and we infer that this type of two-dimensional con- 
densation around nuclei of different sizes may be more common that is generally supposed. 
The expansion of a solid adsorbent which frequently occurs in adsorption is taken as evidence 
for the view that physically adsorbed species are mobile. It has been suggested that physically 
adsorbed molecules do not hop from one position to a neighbouring one but can be elevated 
into a mobile level where they can move for considerable distances along limited paths in the 
surface atomic valleys, and that the depth of the potential well from the position of rest to the 
mobile level is of the order of 5 kT or less, a value which would ensure surface migration; this 
receives support in many directions, such as from observations on the movement of molecules 
over crystal surfaces and the like, but no really conclusive evidence has been advanced for the 
extreme view that the adsorbed molecules behave as a free two-dimensional gas in the adsorbed 
phase. 

Similarly in respect to the chemisorbed phase we have during the last decade seen the 
postulates on which Langmuir founded his famous isotherm equation subjected to close scrutiny. 
We may remind ourselves that each surface atom was to be regarded as the locus of a valency 
force, that the adatoms retained fixed positions, and that the adhesion of an adatom was un- 
affected by its neighbours. Use of freshly formed metallic surfaces in the form either of wires or 
mirrors, and different methods of determining and evaluating the surface phase such as by 
measuring the changes produced by contact potential or by photo-electric or thermionic emission, 
or by alteration of the accommodation coefficient, now give us reasons to believe that these 
original postulates are not valid, at least for many cases of chemisorption of elementary gases by 
metals. 

Several suggestions have been advanced for modifying the idea of a simple covalent linkage 
between a metallic substrate atom (e.g., nickel) and, say, a hydrogen atom, whereby the electron 
from the hydrogen pairs with an electron in the fourth 3d orbital. We can assume that a nickel 
atom situated in the 100 plane has six covalent bonds resonating among eight positions 
instead of the twelve available to an atom within the crystal. In Pauling’s A-type of nickel 
there are two unpaired 3d electron orbitals and, as in palladium, it is one of these that is shared 
with the hydrogen. 

On this view the heat of adsorption of hydrogen on the 100 plane of nickel would be uniform 
and of the order of, 30 kcal. An alternative view is to be noted in which, as electrons are 
abstracted from the nickel and as the nickel—hydrogen dipoles attain closer proximity to one 
another, the heat of adsorption, like the thermionic work function, progressively changes. No 
finality has been reached in these matters, and indeed the mechanism of heterogeneous catalysis 
even in the simplest of cases is still under active consideration—this in spite of a wealth of 
experimentation spread over the last thirty years. It was imagined, for example, that on the 
discovery of deuterium and of radio-isotopes we should be able to gain a further insight into the 
processes involved. Instead of this, we find that a whole series of new and unsuspected exchange 
reactions have been revealed indicating, it is true, a new series of possible elementary steps in 
the catalytic process; and a decisive answer is still awaited. 

Again, it might seem to be a simple matter to decide whether in a catalytic reaction 
between two reactants at a nickel surface both reactants are chemisorbed or only one, a- 
query first raised by Langmuir in 1917. In practice it has been found difficult to give an 
unequivocal answer, although in the case of catalytic oxidation our information is now more 
complete. 

We have to record much progress in the use of electrophoretic methods for the isolation and 
separation of biological material such as the enzymes and viruses; for initiation of the pre- 
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parative work we are indebted to Tiselius. Many of the complexities in the measurement of the 
electrophoretic velocity of a protein in a buffer salt have been indicated, e.g., the presence of 
false boundaries and the so-called 8- and e-stationary boundaries in the ascending and the 
descending limb of the U-tube. The theory has been worked out in some detail by Svensson, 
but we cannot yet assign a size, shape, or charge to a protein molecule or determine exactly how 
these three possible variables change with changing environment. 

Thanks chiefly to the work of Professor Kruyt and the Dutch school of colloid chemists, 
definite advances have to be recorded in our knowledge of the electrokinetics and ionic distrib- 
ution around ionic crystals. 

Silver iodide in which both silver and iodine are the potential-determining ions has been given 
an exhaustive examination. A silver iodide sol particle has zero charge on it when the con- 
centration of iodine ions in the solutions is some 10 °n, whilst such a sol is stable when the 
iodine ion concentration is 10-5n; the Nernst potential is thus some 300 mv, and the electro- 
kinetic or zeta potentialissome 70 mv. We noted in the case of emulsions a similar ratio between 
the total transverse potential and the zeta potential of an oil drop. The stability of these sols 
is clearly not determined by the zeta potential alone. An exhaustive treatment of the inter- 
action between two flat double layers, and also of that between spherical particles, has been given 
by Verwey and Overbeck who find that the flocculating concentration of added electrolytes 
varies inversely as the sixth power of the valency, in agreement with the Hardy—Schulz law. 

Whilst lattice fit and charge are the two most important properties of the potential-deter- 
mining ions for the ionic crystals, in the cases of fibres of organic materials such as wool and the 
synthetic polyamide fibres on the one hand and of cellulose on the other the situation is more 
complex. It seems clear that the -NH,* and to a certain extent the -CO*NH- groups are 
the ionic accepting groups for the dye anions in the former case and the ~CO,~ and to a certain 
extent the -CH,°OH groups (present in cotton) in the latter case, but a comparison of the dyeing 
properties of a homologous series of dyes indicates that van der Waals contributions from the 
rest of the molecule, and for cellulose actual adlineation along the cellobiose chain, play an 
important part in the free-energy change on adsorption. 

As in the case of enzymes and of toxins, the configuration and nature of these groups around 
the actual prosthetic group itself are all-important for specificity, and a systematic attempt 
to evaluate the free-energy changes on adsorption with molecules in which the groups around 
some simple prosthetic link are progressively modified both in nature and in spatial orientation 
does not seem to be beyond our experimental resources. The partition of an ionisable dye 
between substrate and solution can be treated in two different ways, either by making use of the 
Donnan distribution between the two phases or by regarding the substrate as containing a 
number of accessible sites and determining the free-energy change in terms of the fraction of 
sites occupied. In the former case difficulties arise in computing the volume of the substrate 
phase. Similar problems arise in respect of the distribution of ions at a monolayer or phase- 
boundary interface: thus the hydrogen-ion activity beneath a monolayer may differ by as 
much as one pH unit from that in the bulk phase owing to the adsorptive restraints on the 
system. The hydrogen-ion distribution can be calculated by means of the Gouy theory, and 
this non-uniform distribution can be replaced by a uniform distribution in which the Donnan 
relation between adsorbed and bulk phase is maintained if the depth of the adsorbed phase and 
thus its volume is computed by the method of Debye and Hiickel. 

We find both these factors taken into consideration in the treatment of the potential difference 
between electrolytes separated by sieve-like membranes first examined theoretically in detail by 
Michaelis. Both Kurt Meyer and T. Teorell regard such membranes as containing a certain 
number of immobile or fixed ions which renders the membrane positive or negative as the case 
may be. The concentration of the fixed ions is termed the selectivity constant. The membrane 
potential is regarded as made up of two Donnan potentials at each interface and a diffusion 
potential across the membrane itself. 

The following table gives some idea of the respective contributions to the membrane potential 
for a membrane in which the selectivity constant is 1-0 and the electrolyte concentrations 
(c, ¢,) in each side are maintained in the ratio 10: 1. 


Boundary Diffusion 
Cy potential (mv) potential (mv) Total (mv) 
10 . —13-2 
1 . —12-1 
0- S —12-0 
0- . — 54 








a 
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We have already noted that the colloidal unit according to Graham’s definition must on 
account of its low diffusivity possess a mass weight which is large in comparison with ordinary 
molecular dimensions. Colloidal particles have indeed been prepared by methods of condens- 
ation as well as of dispersion, each particle containing a number of molecular units. 

Whilst glues and gelatins were taken to be representative colloids, sufficient information on 
their state of aggregation and their molecular weights was not available to render them of 
exceptional interest. 

With the realisation that a number of biologically important substances are macromolecular 
and that it is possible to synthesise, both by polycondensation and by chain reactions, macro- 
molecules of great size, a new and important chapter has been added to our science. We are 
indebted originally to Staudinger for pointing out that a gradation based upon increasing chain 
length, giving us crystalloids, hemicolloids, and eucolloids, was possible of attainment. 

I need not here digress on the interesting problems concerning macromolecular synthesis 
which have arisen during the last decade, but we may note as of special interest the various 
approaches which have been made to the synthesis of polypeptides, to the evaluation of the B 
and the A terms in the Arrhenius equations for each of the individual steps of the chain reactions 
involved in chain initiation, propagation, and termination, to the directive influence of groups in 
linking up asymmetric substituted olefins on the head-to-tail or head-to-head position, and 
finally to the distribution of units in the chain when interpolymers are formed between two and 
even three differently substituted olefins. 

Unlike the majority of colloid dispersions, the polymer macromolecule possesses inherent 
flexibility, the degree of which is mainly dependent on the nature of the backbone: thus 
cellulose and its derivatives are relatively stiff, ‘‘ Polythene ”’ relatively flexible. The shape of 
the macromolecule is thus dependent to a great extent on the degree of interaction with the 
solvent, and in recent years a commencement has been made in evaluating the so-called » values 
to characterise this interaction. We must envisage not only Brownian movement of the macro- 
molecular unit but also micro-Brownian movement of segments within the unit itself. The 
flexible polymers are folded in poor solvents in an irregular manner into a coil, and considerable 
quantities of solvent can be retained in the macromolecule during its Brownian movement. 
The contrast between these “solvated ’’ polymers and the relatively stiff “ free-draining ”’ 
macromolecules is clearly exemplified when we come to examine their physical properties in 
various solvents. 

Thus, in the process of diffusion the potential gradient of thermal agitation (kT per molecule) 
is independent of molecular weight, but the resistance to motion afforded by the statistical 
coiling of the chain is proportional to the molecular weight for stiff polymers but to the square 
root of the molecular weight for flexible polymers. In a similar manner the centrifugal sedi- 
mentation constant is evidently independent of the molecular weight for cellulosic derivatives 
but proportional to its square root for flexible rubbers. When we examine flexible polymers by 
the method of flow birefringence we should expect the latter to be proportional to the rate of 
shear, up to the point where the shearing stress stretches the individual coils and thus increases 
the axial ratio of the particle and concomitantly the molecular birefringence. 

The fundamental measurable property of solutions is the osmotic pressure. Whilst for a 
number of colloidal systems the osmotic pressures are too small for measurement we find 
increasing attention being given to improving the accuracy of determination of osmotic pressures 
of polymer solutions. 

Whilst all matters connected with the osmotic pressures, even of non-ionic polymers, have 
not yet been clarified we are certain that the simple van’t Hoff law 


= = CRT/M 


is not applicable to these systems which are characterised by a large change in entropy on solu- 
tion and where the varying extent of polymer-solvent interaction is one of the dominant char- 
acteristics; both theory and experiment indicate that the osmotic-pressure equation for 
polymeric solutions can be written in the form 


= = CRT/M + BC?*RT/M? 


where the two parameters M and B are required to define the thermodynamic properties of a 
polymer in its particular solvent. The parameter B can be expressed in the form wn*(1 — yu)? 
where v is the molar volume of the solvent, m the number of segments in the macromolecule, and 
p the interaction constant. 
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The following table gives a few of these interaction constants : 


mv 
Polystyrene in C,H, ; Rubber in CC], 
i PhMe “44 cyclohexane 
- n-butyl laurate ............... 
tsoamy] laurate 


(CH,Cl), 


It is evident that for a critical value of u the solution will separate spontaneously into two phases, 
one rich and one poor in polymer. For large polymers in which m is large the dilute solution 
may indeed contain very few molecules. Until recently the fact that a strong solution of 
polymer could apparently co-exist with what was believed to be pure solvent was advanced in 
support of the assumption of long-range forces. We now know that this view is not correct. 

We note also in this connection how the theory of elasticity of randomly coiled deformable 
networks has been extended to embrace the swelling and imbibition of solvent into deformable 
cross-linked structures. Here it is possible to determine the degree of swelling when the polymer 
is in equilibrium with pure solvent. 

More recently attention is being given to the properties of ionised macromolecules. Here 
we can distinguish between two distinct types: those which by internal cross-linking are 
retained in a compact and regular form, e.g., the native or corpuscular proteins possessing a 
relatively low viscosity in solution, and those which are freely flexible along their backbone, 
yielding highly viscous solutions. These would normally take up the random configuration 
determined by the state of maximum entropy and thus contain free occluded solvent. Owing, 
however, to the mutual repulsion of the electric charges the sol particle assumes a less probable 
and more voluminous form, and as a result the specific viscosity is greatly increased—an example 
of the so-called electroviscous effect. We may observe that amphoteric colloidal macromole- 
cules, e.g., the denatured proteins, will at the isoelectric point suffer contraction owing to the 
interaction of the ‘‘ zwitterions,”’ and the sol particle will again assume a less probable but less 
voluminous form and in consequence will expand on the addition of neutral salts. 

We have already observed that, for polymers in non-aqueous solution, when the com- 
patibility constant yu rises to a critical value the system separates into two phases—a polymer- 
rich and a solvent-rich phase; similarly, with these hydrophilic ionisable macromolecules a two- 
phase system is obtained, the polymer-rich phase being designated a coacervate. We are 
indebted to Bungenberg de Yong for an exhaustive examination of these interesting systems 
which appear to simulate many biological structures. 

During the last twenty years we have obtained a more detailed knowledge of the conditions 
which determine the relative ease with which macromolecular chains can adlineate with one 
another and fit into a crystal lattice. With increasing ease of adlineation we can pass success- 
ively from rubbers to plastics to fibres. In drawing a macromolecular melt with subsequent 
cold drawing to form a crystalline fibre, we are interested in the forces between the chain and the 
energetics of the crystallisation of the units of the chains with one another. 

Professor Mark has given the following figures : 


Molecular cohesion per 5 A of chain 
Polymer length with co-ordination nos. of 4 


Polythene 

Polyisobutylene 

Polybutadiene 

Rubber 

Polystyrene 

Polychloroprene -CH,’CH‘CCI- 
Polyvinyl chloride —CH,’CHCI- 
Polyvinyl alcohol —~CH,’CH(OH)- 
Polyvinyl] acetate —~CH(CO,Me)- 
Cellulose — 
Cellulose acetate _— 
Polyamides —_— 


We note the significant increase in molecular cohesion as we proceed from the apolar hydro- 
carbons to the polar chain systems of the polyamides. For the fibres to acquire mechanical 
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strength the macromolecules must be relatively long, the lower critical length appears to be 
in the neighbourhood of some 60 monomer units, the strength increasing in a proportionate 
manner up to some 250 units. Longer chains reveal a further increase in mechanical strength, 
but the rise proceeds more slowly, attaining a maximum at about 600 units. The following 
data have been given for commercial polythene : 
Average mol. wt. 6000 10,500 15,000 21,000 
Tensile strength (kg./mm.?) 3-5 8-5 10-0 21-0 


Whilst with the polymer of w-hydroxydecanoic acid filaments can be spun but not cold drawn 
at a molecular weight of 7300. They can be drawn at a molecular weight of 9300 but strong 
fibres are only attained at 16,000. As the interchain cohesive forces increase, fibre stability 
attains greater values for lower molecular weights. 

As is well known, fibres can only be drawn from well-defined crystalline material. The 
fibre symmetry thus becomes an all-important factor. The best example of this factor is doubt- 
less to be found in the glycol esters of phthalic acid where the 1 : 4-acid forms an excellent 
fibre, the 1 : 3-acid yields a polymer which can just be spun, whilst no form of fibre is obtainable 
from the 1 : 2-derivative. The same is found for the naphthalene derivatives where the 1 : 5- 
and the 2: 6-acid yield excellent fibres, the 2: 7- is just spinnable and no fibre is obtained 
from the 1 : 4-compound. 

It is clear that the polarizable benzene ring, if in the main chain, exerts a strong interaction 
with its neighbours, raising the melting point of the crystalline fraction, and forms a good fibre, 
but, if present as a side chain, its bulk cuts down the interchain interaction to such a small value 
that the product cannot be drawn into a fibre. It is also much more difficult to cold draw the 
unsymmetric vinyl —CH,-CHX- polymers than, say, the symmetric vinylidene chloride 
—CH,°CCl,;- polymer. Indeed, in the latter it is possible to incorporate up to some 20% of a 
co- poly mer without weakening the latent interaction below the point where fibres can be 
drawn. 

In many cases we imagine the chains to be held together by hydrogen bonds. This is well 
exemplified in the polypeptide fibres where the undrawn or aii modification has, according to 
Ambrose and Hanby, the following structure : 

R 

I 
in 
H 


R 


R . 
\, AN, FR / i 


{ “4 { 


a Nb Nai 


whilst in the extended or 8-form the extended polypeptide chains can form cross links by means 
of hydrogen bonds: 


C=0O-- NH 


It is clear that partly extended chains are not capable of making so many cross-links as fully 
extended chains; thus extension increases to a marked extent the strength of the fibre. 

During the last decade progress has been made in the understanding of the properties of 
fibres in terms of their molecular constitution. Thus, tenacity and flexibility involve deform- 
ation of the material; in addition to the usual normal or ‘“‘ Hookean”’ deformation, fibrous 
polymers may undergo both elastic and plastic deformation under stress. These displacements 
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can be treated as rate processes, and the correlation between the energies of activation involved 
and the nature of the polymer, with or without added plasticiser, has opened up new and 
interesting fields. Again, as we have already noted, fibrous materials may in part be crystalline 
and the thermodynamic treatment of the conditions of equilibrium of fringed micellar systems 
permits us to gain some information on the melting range of such polymers. 


Colloid science deals with matter in the boundary state. Matter in this state is organised 
and as a result of such organisation we find many striking co-operative effects. Living matter 
is likewise organised but in addition it is at its simplest in a state of dynamic equilibrium, more 
usually in disequilibrium. It remains for those who come after us to study disequilibrium in 
more detail. As we have seen, a commencement has been made in the study of chemical 
reaction at interfaces and of transport into and out of the boundary layers. These somewhat 
jejune attempts are not to be despised, for surely they are beginning to form the pattern of a 
field of enquiry in which the biologist will be keenly interested. 

Finally, I would like to answer those who ask why does one choose to select from the long 
recognised divisions of science, chemistry, physics, biology, and mathematics, certain selected 
portions, only to build these up into a rationalised subject with its own peculiarities, its own 
experimental techniques, and its own intellectual discipline; one might reply that even if 
colloid science is not satisfying as a basis for a future biology it has undoubted repercussions in 
an ever increasing number of technological developments : time would not permit one even to 
list the number and variety of interests from agriculture to zeolites in which the principles of 
colloid science apply. 
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470. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XXXIII.* Kinetic Effect of Common-ion and of Non-common-ion 
Salts on the Aqueous Solvolysis of Diphenylmethyl Halides. A 
Demonstration of the Unimolecular Mechanism of Solvolysis. 


By O. T. Benrey, E. D. HuGHEs, and C. K. INGOLD. 


Our interpretation (1938—40) that certain retardations of solvolysis of 
alkyl halides by added salts (always salts whose anions were identical with 
those given by the alkyl halides) arose from reversal by the common anion of 
the initial stage in the unimolecular mechanism of substitution, was ques- 
tioned (1942) on the ground that some salts might retard such reactions by 
modifying the solvent, for example, by combining with the water in an aque- 
ous organic solvent. This theory would require the retardations to depend 
simply on the nature of the salt for a given solvent, and not, as demanded by 
our original interpretation, on the relation of the salt to the alkyl compound, 
in particular, on the identity or otherwise of the anions of the salt and the 
alkyl compound. We have now shown that the retardations cited do indeed 
depend on this relation : two salts, one retarding and the other accelerating 
with respect to a given alkyl compound, will interchange their kinetic effects 
when the potentially anionic part of the alkyl compound is suitably altered. 
The example relates to the effect of lithium chloride and bromide on the rate 
of hydrolysis by aqueous acetone of diphenylmethyl (benzhydryl) chloride 
and bromide. There are retardations when anions of salt and alkyl compound 
are the same, and accelerations when they are different. A new and concise 
demonstration of the reality of the unimolecular mechanism in solvolytic 
reactions is thus provided. . 


WE last discussed salt effects in nucleophilic substitution, both solvolytic and non-solvolytic, 
in 1940. It was shown then that salt effects could provide a method of diagnosis of mechan- 
ism of substitution, and could also fill detail into the picture of the unimolecular mechanism 
(J. Amer. Chem. Soc., 1938, 60, 3080; J., 1940, 960 et seg., 7 papers). These applications 
were especially useful in the field of solvolytic substitutions, where the problems arising are 
worthy of this powerful kinetic method. In the present three papers, the same applications 
are pursued further in the domain of solvolytic substitutions. 

In this paper we again take up the determination of mechanism by means of salt effects. 
The possibility of such determination depends on the circumstance that the unimolecular 
mechanism has, typically, a somewhat complex kinetic form, which does not necessarily 
reduce to first-order form when the conditions become such that the bimolecular mechanism 
would have a first-order form, for instance, when the substituting agent is the solvent. The 
reason for this is the reversibility of the initial heterolysis in unimolecular reactions. For 
illustration, let us consider the unimolecular hydrolysis of an alkyl chloride in an aqueous 
solvent : 

(H,O) 


RCI == R* + Cr > ROH + H* + Cr 


As larger chloride-ion concentrations are built up by reaction (3), reaction (2) gains in im- 
portance, so that the rate-determining ionisation becomes progressively retarded by its 
reversibility, without necessitating any reversal of the overall reaction, which might be a 
completely irreversible hydrolysis: the forward rate simply trails further and further 
behind the first-order rate, as reaction proceeds to its completion. This can be quantit- 
atively expressed by specialising the typical kinetic equation for Sy1 reactions, suitably for 
a substituting agent in constant excess : e 


dx/dt = k,(a — x)(1 + ax)? 


* Part XXXII, /J., 1946, 173. 
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The factor (1 + ax)" describes the progressive fall in the specific rate (dx/dt)/(a — x). The 
constant « measures the power of chloride ion to compete with water for the carbonium 
ion R*. 

An analogous effect is to be expected if, instead of relying on the formed hydrogen 
chloride, one adds some hydrogen chloride, or lithium chloride, or any other ionising chlor- 


ide. The difference is only that the specific rate will now be depressed from the beginning, 
as indicated by the equation, 


dx/di = k,(a —x)[1 + a(e + x)}? 


where c is the concentration of initially added chloride ion. These effects of salts on uni- 
molecular reaction rate apply only to ‘‘common-ion salts,’’ that is, salts having an anion 
identical with that given by the alkyl compound. ‘‘ Non-common-ion salts,’’ that is, salts 
with any other anion, e.g., sodium azide in the example of the hydrolysis of an alkyl chloride, 
cannot produce a like effect, because such salts can intervene only after the rate-deter- 
mining heterolysis : 


_@80_, ROH + H* + Clr 
N= > RN, + Cl- 


Thus mass-action gives these salts no effect on the initial rate of destruction of the alkyl 
halide, although, by supplying new competition for the carbonium ion, they should lessen 
the growing retardation produced by the developing chloride ion. 

The bimolecular mechanism of substitution Sy2 involves a different set of consequences. 
The irreversible aqueous solvolysis of an alkyl chloride by the mechanism, 


H,O + RC1——> ROH + H* + Cl 


should follow a first-order law. Mass-action can confer no kinetic effect either on the pro- 
duced chloride ion, or on any added ‘‘ common-ion salt.’’ On the other hand, an added 
“non-common-ion ’’ salt, such as sodium azide, supposing that it intervenes at all, must 
accelerate the destruction of the alkyl chloride from the outset, since it provides an additional 
mode of attack on that molecule : 


N, + RC1—~> RN, + Cl- 

The above consequences follow from the mass-law. Superposed on them all, there will 
be electrostatic effects dependent on ionic strength. They will be accelerative in reactions 
for which the transition state is more polar than the initial state. It is assumed that solu- 
tions are not so concentrated that one has to take account of ionic size. 

Illustrating again by the unimolecular solvolysis of an alkyl chloride, we note that, 
on account of electrostatic effects only, the rise of ionic strength during reaction should pro- 
i a progressively rising specific rate, while any introduced salt, whether of ‘‘ common- 

’ type or of ‘‘ non-common-ion ’’ type, should increase rate from the outset. 


“ie the corresponding bimolecular reaction, the various electrostatic effects should be 
qualitatively as described, but weaker. 


(1) 
RC] == R* + Cr 


TABLE 1. Mass-law and tonic-strength effects on the unimolecular and bimolecular solvolysis 
of an alkyl halide. 


Mass Law Ionic STRENGTH 
Formed ions Progressive fall in specific rate Progressive rise in specific rate 
Sx1< Common-ion salt Retardation Acceleration 
Non-common-ion salt ... No initial effect + Acceleration 


Formed ions No effect + Small progressive rise specific rate 
Sy2< Common-ion salt No effect Small acceleration 
Non-common-ion salt ... Acceleration + Small acceleration 


By assembling these deductions, as in Table 1, a basis for the diagnosis of unimolecular 
substitution can be made clear. The two kinetic effects entered in italics, viz., the downward 
drift in specific rate in the absence of added salts, and the overall retardation produced by 
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added ‘“‘ common-ion ”’ salts, but not by other salts, if they can be made dominating, and 
thus clearly observed, will demonstrate the unimolecular mechanism. The discussion 
summarised in Table 1 can, indeed, be put into a quantitative form. 

In the papers of 1940, a number of unimolecular substitutions, both solvolytic and non- 
solvolytic, were demonstrated in this way. The alkyl compounds employed were mostly 
either simple or substituted diphenylmethyl (benzhydryl) halides. The solvolytic reactions 
were hydrolyses in aqueous acetone. The non-solvolytic substitutions included substitu- 
tions by various anions in this medium, and also a halide-ion exchange in sulphur dioxide 
as solvent. 

In 1942 Lucas and Hammett suggested, with reference especially to the hydrolytic re- 
actions, that our interpretation of the retardations, on the basis of the mass-law effect in the 
unimolecular mechanism of substitution, was not really well established, because of the 
possibility of another type of action through which salts might retard reactions in aqueous 
acetone (J. Amer. Chem. Soc., 1942, 64, 1928). Some salts, more than others, might attract 
water, rendering the aqueous acetone an effectively drier solvent, and in this way reducing 
the reaction rate. A salt with a low affinity for water would accelerate on account of its 
ionic-strength effect, while another salt of high affinity for water might retard because of 
its strong drying action. The relative kinetic effects of different salts would, according to 
this theory, depend simply on the salts, and not on their constitutional relation to the alkyl 
compound. It was, indeed, suggested that the relative kinetic effect of salts in partly 
aqueous media would follow the Hofmeister series of affinity of ions for water. 

We shall see in the next paper what special observations caused Lucas and Hammett to 
introduce this type of hypothesis. In general principle, the suggested form of salt effect is 
entirely plausible. The only question was whether it was in fact responsible for the re- 
tardations which we had been observing. Even at the time of Lucas and Hammett’s 
paper, we felt that the evidence was in favour of our interpretation. For in 1940 we had 
described the kinetic effects of 7 salts in all on 6 alkyl halides in all, some of them chlorides 
and some bromides, a total of 18 distinct salt effects, disregarding the many repetitions in 
aqueous-acetone solvents of different composition. These 18 kinetic effects included 7 re- 
tardations ; and the significant point is that, in each of the latter, the anion of the salt was 
the same as that of the alkyl halide. 


TABLE 2. Initial specific rates (k,° in sec.1) of reaction of diphenylmethyl chloride and 
bromide in ‘‘ 80°%,’"’ aqueous acetone at 25°, without added salts, and in the presence of 
lithium chloride and bromide. 


(Alkyl halides, initially 0-Im. Added salts, 0-1M.] 
Diphenylmethyl] chloride Diphenylmethyl bromide 
Added salt 105k ,° Change 10®R, Change 
7-00 153 a 
8-16 +17% 133 —13% 
‘ 194 127%, 


However, the challenge which we accepted was to produce, not merely an argument, 
but a proof ; and this was obviously possible. The criterion is that, according to the theory 
of Lucas and Hammett, the kinetic effect of a salt depends on the salt, whereas, on our 
interpretation, it depends on the relation of the salt to the alkyl compound, in particular, 
on the identity or otherwise of the anion of the salt with that given by the alkyl compound. 
We have, then, to solvolyse an alkyl compound RX,, alone, and in the presence of two salts, 
MX, and MX,, such that the first retards and the second accelerates. Then we have to 
change the alkyl compound to RX,, and observe whether the two salts preserve their relative 
kinetic effects, or whether they cross over, the formerly retarding salt becoming an acceler- 
ator, and the accelerating salt a retarder. 

Using diphenylmethyl (benzhydryl) chloride and bromide as the alkyl compounds, 
lithium chloride and lithium bromide as the salts, and ‘‘ 80° ’’ aqueous acetone as the 
solvent, we find that the salts do indeed cross over with respect to their kinetic effects. This 
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is illustrated in Table 2, in which initial specific rates are made the basis of comparison, 
because, as we have explained, unimolecular reactions have not a strict first-order form, 
owing to the kinetic effects of the produced ions. This must be one of the most concise 
demonstrations yet given of the reality of the unimolecular mechanism in solvolysis. 

The rest of the present account relates to practical details. The rate of disappearance 
of diphenylmethy] chloride, alone, and in the presence of lithium chloride, and of diphenyl- 
methyl bromide, alone, and in the presence of lithium bromide, can be measured, as has 
been found previously, with nearly equal ease, and with identical results, by following the 
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Fic. 1. Hydrolysis of diphenylmethyl chloride in ‘ 80% " aqueous acetone at 25°, alone, and in the presence 
of 0-1m-lithium chloride, and of 0-1M-lithium bromide. Integrated first-order rate constants, k, in sec.“, 


plotted against percentage progress of reaction. The rate constants ave not corrected for the slight 
reversibility of the reaction. 


9 


Hydrolysis of diphenylmethyl bromide in ‘‘ 80% "’ aqueous acetone at 25° in the presence of 0-1M- 
lithium chloride. Logarithmic plot of the reaction progress, as followed by acid production (x), against 
time (t). The upper linear branch of the curve represents the hydrolysis of diphenylmethyl bromide. 
But about 20% of this substance is contemporaneously converted into diphenylmethyl chloride. We see 
the latter undergoing hydrolysis, along the lower linear branch of the curve, long after the reaction of 
diphenylmethyl bromide is over. 


appearance either of acid or of halide ion. However, the two reactions which involve two 
different halogens require some special consideration. 

The rate of reaction of diphenylmethy] chloride in the presence of lithium bromide can 
be measured conveniently, and with sufficient accuracy for our purpose, by following the 
production of acid. The reason is that, although the RCI is converted simultaneously into 
two first products, RBr and ROH, the RBr is hydrolysed relatively rapidly to ROH (see 
Table 2), thereby bringing the total production of acid at any given moment nearly up to 
equivalence with the liberated chloride ion. If we wished to be quite accurate, we ought to 
follow liberation of chloride ion ; but this is technically more complicated on account of the 
presence of bromide ion; and therefore we took the easy course of following acid production. 
Because of the slight lag in the production of such acid as arises by the indirect route RC1 —~> 
RBr ——> ROH, our observed rate, considered as a rate of decomposition of RCI, will be 
somewhat low; but, as is apparent from Table 2, it is still high enough to show the acceler- 
ative effect of the ‘‘non-common-ion’”’ salt, in contrast to the retarding effect of the 
“‘common-ion ”’ salt. 

As to the measurement of the reaction rate of diphenylmethyl bromide in the presence 
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of lithium chloride, there is no escaping from the rigorous method. The halide RBr simul- 
taneously gives two first products, RCl and ROH, but now RCI is hydrolysed relatively 
slowly, and thus acid production, which continues long after all the RBr has disappeared, 
is not an approximate measure of the destruction of RBr. This is clearly exhibited in 
Fig. 2 by the two linear branches of the logarithmic plot of reaction progress as measured 
by acid production. Therefore we have to measure bromide ions directly, despite the 
presence of chloride ions and of organic material. An electrometric method, carefully 
standardised, was elaborated for this purpose. The method confirms, as can be seen from 
Table 4, that chloride ion disappears during the earlier part of the reaction, and subsequently 
reappears as the formed diphenylmethy] chloride becomes hydrolysed. 


TABLE 3. Runs followed by the production of acid. 
105%, Reactn., % t Be — % 105k, Reactn., % 
Run 27: Initially, [Ph,CHCl}] = 0-0981M. 
— 9,315 , 6-94 
(7-19) 2, “ 7-04 
7-09 ,42 2: 6-78 
6-99 § , . 6-77 
6-97 2 5 95 6-89 
6-97 k,° (uncorr.) = 7-08 x 1075 sec.}. 
k,° (corr.) = 7:00 x 10°5 sec.-. 
Run 29: Initially, [Ph,CHCI] = 0-0966m; [LiBr] = 0-1002M. 
0 : _ 9,490 
980 . (7-66) 11,590 
2130 ° 8-25 15,310 
3860 “72 8-30 2 19,980 
5410 “Of 8-45 27,900 
7280 “3 8-48 


onwowo 
wn oe. 


RASSI3 
me 


ou 


k,° (uncorr.) = 8-12 x 10°5 sec.-. 
k,° (corr.) = 8-09 x 10° sec.-1. 
Run 31: Initially, [Ph,CHCl] = 0-0979m; [LiCl] = 0-1001M. 

0 — — 12,260 . 6-05 
1276 7: (6-38) 15,440 , 5-96 
2520 i 6-08 20,160 2- 6-01 
4200 . 6-06 2% 25,980 “6S 5-97 
6240 5. 6-10 2 37,080 . 5-97 
8735 z 6-01 k,° (uncorr.) = 6-12 x 10° sec.-1. 

k,° (corr.) = 6-08 x 10° sec.“}. 
Run 33: Initially, [Ph,CHBr}] = 0-0974M. 
= - 482 3-54 
163 22 620 2-72 
158 810 1-98 
162 1,080 1-23 
164 1,380 0-68 
k,° = 153 x 10° sec.-}. 
Run 35: Initially, [Ph,CHBr] = 0-0979m; [LiBr] = 1-001m. 
— — , 144 
(129) 18 y . 147 
137 24 2- 147 
137 31 : “62 145 
142 41 y “7 149 
k,° = 133 x 10° sec.. 
Run 37: Initially [Ph,CHBr] = 0-0987m; [LiCl] = 0-1000m. 
-- = 2-72 106 
138 75 2-05 87-1 
132 2,055 1-77 73-9 
131 ‘ \ 1-49 53-5 
128 : i 1-41 44-4 
128 ‘ ’ 1-27 36-6 
123 1-18 31-1 
120 5 A 1-03 26-3 
5 0-84 23-7 
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EXPERIMENTAL 


Materials were purified as in the work described in 1940. All kinetic runs were conducted 
at 25-00° in “ 80% ”’ aqueous acetone, i.e., a mixture of 4 vols. of dry acetone with 1 vol. of 
water. 

Runs followed by Production of Acid.—In Table 3, a sample run of each kind is recorded. 
Values of ¢ are in sec., those of x, — *,, where x represents acid production, are in c.c. of 
0-06146N-sodium hydroxide per sample of 5-03 c.c., and those of the integrated first-order rate 
constant, ’,, and of the initial specific rate k,°, are in sec... Values of k, are first computed, 
and are then extrapolated numerically to give k,°, to which, where necessary, the small correction 
for reversibility is applied. Each run which leads to a value of #,° is one of a pair, the other 
being unrecorded. The means of the pairs of values of k,° are in Table 2. 

Runs measured by following Halide Ion.—Halide ion was followed by potentiometric titration 
with silver nitrate. The potentiometer could be read to 0-5 mv. A platinum—quinhydrone 
electrode served as standard, in a buffer of pH 3-0—3-3, which was made by adding 25 c.c. of 
0-2Nn-sulphuric acid to 25 c.c. of 0-2M-potassium hydrogen phthalate, and diluting the whole to 
100 c.c._ A potassium nitrate bridge connected this half-cell to the solution undergoing titration, 
a silver wire acting as the second electrode. The method of operation was based particularly on 
the work of Clark, who showed that bromide and chloride could be individually estimated in a 
mixture, if 5% aqueous barium nitrate was used in the medium (/., 1926, 749). For the accur- 
ate location of equivalence points on the titration curves, the recommendations of Flood and 
Slatton were followed (Z. anal. Chem., 1938, 115, 30). Trials showed that the two halides could 
be individually estimated in a mixture, usually to within 0-5%, that acetone did not interfere, 
if it was first extracted with carbon tetrachloride, and that the carbon tetrachloride extract did 
not interfere, even if it was not separated, provided that the electrode and bridge did not dip 
into it. In kinetic runs, the withdrawn sample, 5-03 c.c., was delivered into 60 c.c. of carbon 
tetrachloride at —5°, and this solution was then shaken 3 times with 20 c.c. of 5% aqueous 
barium nitrate. The total aqueous extract was titrated as described. 

In Table 4, the time ¢ is in sec., and the integrated first-order rate constants, k,(Br~), based 
on bromide-ion liberation, as well as the corresponding constants, k,(H*), based on acid produc- 
tion, and the initial specific rate, k,°, obtained by numerical extrapolation of k,(Br~), are all in 
sec.1. The concentrations [Cl~] and [Br~] are expressed in c.c. of 0-0600M-silver nitrate, and 
the concentration [H*] in c.c. of 0-0600N-sodium hydroxide, required by a sample of 5-03 c.c. 


TABLE 4. Run followed by the production of halide ions and acid. 
Run 39: Initially, [Ph,CHBr] = 0-0995m; [LiCl] = 0-0994m. 
Halide determination Acid determination 





[Cl-} Br-/Br,,~ 105 ,(Br-) (H*) H+t+/H,* 105k ,(H*) 
8-33 — — 
7-75 ° 192 . 140 
7-68 ° 197 “6 2 144 
7-48 2: 192 2-3 ‘ 146 
7-25 ° 194 2: 135 
7-15 ° é 194 f y 134 
7-26 y 190 — ao 
6-91 195 ; - 

6-67 197 
6-68 195 
6-71 
6-82 
7:30 
8-33 


124 

110 
94-7 
47-1 
22-8 
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ky° = 193 x 10° sec. 


A second similar run gave k,° = 194 x 10-5 sec.-}. 
WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. 
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471. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XXXIV.* Kinetic Effects of Hydroxide and Alkoxide Ions on the 
Rate-controlling and Product-forming Stages of Unimolecular Solvo- 
lysis of tert.-Butyl and Diphenylmethyl Halides. 


By O. T. Benrey, E. D. HuGHEs, and C. K. INGoLb. 


Following an observation by Lucas and Hammett on the hydrolysis of 
tert.-butyl nitrate, a study has been made of the role of hydroxide ions in 
aqueous, and of alkoxide ions in alcoholic media, on the unimolecular solvo- 
lysis of fert.-butyl bromide, and of diphenylmethyl (benzhydryl) chloride and 
bromide. As to the initial slow step, such lyate ions are not accelerating like 
other ‘‘non-common”’ ions, and may be retarding. It is noted that an 
attack by a lyate ion on a proton of the solvation shell required for ionisation 
might account for these effects. As to the final fast step, lyate ions are poor 
competitors for the carbonium ion, the hydroxide ion being much outdone in 
this respect by the chloride or the azide ion. It is explained that chloride and 
azide ions can often penetrate the solvation shell around a carbonium ion, 
whereas an attacking lyate ion is usually waylaid by an exterior proton. The 
effect is thus connected with the selectively high reactivity of lyate ions for 
hydrogen, rather than for carbon, nuclei, and it is suggested that the charge on 
a lyate ion is normally distributed over some of the solvent, and has to be con- 
densed on the nucleus attacked, condensation on the exposed hydrogen 
nucleus being more facile than on the shielded carbon nucleus. 


Lucas and HAMMETT (J. Amer. Chem. Soc., 1942, 64, 1928) made the important observation 
that the solvolysis of tert.-butyl nitrate in ‘‘ 60°, ’’ aqueous dioxan is not accelerated by the 
‘*non-common-ion ”’ salt, sodium hydroxide, although it is accelerated by other salts, as 
illustrated for sodium perchlorate in Table 1, Section A. They suggested that the alkali 
selectively lowered the activity of the water in the aqueous organic medium. 

We have confirmed Lucas and Hammett’s finding; and we have made similar observ- 
ations on solvolytic reactions of ¢ert.-butyl bromide and of diphenylmethyl (benzhydryl) 
chloride, for which unimolecular mechanisms are otherwise established. For the solvolysis 
of tert.-butyl bromide we used the same aqueous dioxan, and also ‘‘ 80° ’’ aqueous ethy! 
alcohol (Table 1, Sections B and C). For that of diphenylmethyl chloride we employed 
anhydrous methyl alcohol as the solvent; and the “ non-common-ion’”’ salt which failed 
in this case to accelerate solvolysis was sodium methoxide (Table 1, Section D). Here, some 
early experiments by Ward (/., 1927, 2285) may be recalled, which showed that the sol- 
volysis of diphenylmethyl chloride in anhydrous ethyl alcohol is not accelerated in the 
smallest degree by sodium ethoxide, as illustrated in Table 1, Section E. 

From these results two conclusions may be drawn. First, the condition for non-acceler- 
ation seems to be that the anion of the salt, OH~, OMe~, and OEt~, in the examples cited, 
shall be identical with the anion of the solvent. Such anions are often called lyate ions, 
so that we may term the salts “‘lyate-ion’’ salts. Secondly, the failure of these salts to 
accelerate solvolysis cannot depend on a differential activity effect on solvent components, 
because the same failure arises in single-component solvents. 

We have to decide whether the non-acceleration is to be regarded simply as an enfeeble- 
ment of the electrostatic accelerating effect general to ‘‘ non-common-ion ”’ salts, or whether 
it discloses, superposed on the (possibly modified) electrostatic effect of ‘‘ lyate-ion ’’ salts, 
some special mechanism of retardation. This question is answered by the result that net 
retardations by “‘ lyate-ion’’ salts, although not general, can be realised. This was first 
established by Lucas and Hammett with respect to the effect of sodium hydroxide on the 
hydrolysis of ¢ert.-buty]l nitrate: the net retardation, although small, was definitely in 
excess of their experimental error. In the example of the hydrolysis of diphenylmethy] 


“e 


* Part XXXIII, preceding paper. 
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bromide, we have observed a fairly large retardation by sodium hydroxide, as is recorded 
in Table 2. Hence we conclude that ‘ lyate-ion ’’ salts provide a special mechanism of 
retardation. 


TABLE 1. Unimolecular solvolysis: kinetic effects of salts, especially of salts having anions 
in common with the solvent. 
(Integrated first-order rate constants k,, and initial specific rates k,°, both in sec.+.) 
(A) tert.-Butyl nitrate in ‘ 60% '’ aqueous dioxan (C) tert.-Butyl bromide in “ 80% *’ aqueous 
at 10° (Lucas and Hammett) : ethy! alcohol at 25° (this paper) : 
ButNO, |, Salt), 105k,° Change, ° ButBr\, [Salt!, 10°2,° Change, % 
0-124 none 21-9 -— 0-097 none 35°8 
0-127 NaOH, 0-107 21-2 —3 0-100 NaOH, 0-105 36-1 +1 
0-124 NaClO,, 0-112 25-8 +18 ; . 
(D) Diphenylmethy] chloride in dry methyl 
alcohol at 15° (this paper) : 
(B) tert.-Butyl bromide in “ 60% ’’ aqueous [Ph,CHCl), {Salt}, 10°,° Change, © 
dioxan at 10° (this paper) : 0-094 none 25-2 
ButBr 4 Salt) 10°," Change, % 0-101 NaOMe, 0-113 9 25:1 
0-103 none 28-9 - 0-094 NaBr, 0-100 30-6 
0-106 NaOH, 0-104 28-7 1 0-095 Nal, 0-100 31-0 


o 


(E) Diphenylmethy] chloride in dry ethyl] 
alcohol at 25° (Ward) : 
(Ph,CHCl, [Salt], 10°, Change, % 
0-074 none 5-7 
0-097 NaOEt, 0-130 5°75 +O 


TABLE 2. Unimolecular hydrolysis of diphenylmethyl bromide in ‘‘ 60°%,’' aqueous dioxan 
at 8°. Effect of sodium hydroxide alone and with other salts. 
(Initial specific rates, &,°, measured by acid development, are in sec.~! 
Ph,CHBr', [Salt], 105% ,° Break in curve at 

0-088 none 190 

0-088 LiCl, 0-089 152 82% 
0-087 NaOH, 0-092 152 

f LiCl, 0-089 o - 

0-088 r NaOH, 0-111 } 124 82% 


Note. The two equal rates, 152 x 10-5 sec.!, are equal only by coincidence. The first measures 
hydrolysis only in simultaneous hydrolysis and halide-ion exchange (see preceding paper). The 
second is the rate of a total reaction, which is nothing but hydrolysis. 


It is an obvious suggestion that this mechanism depends on the ability of a lyate ion to 
distribute its charge by intermolecular proton displacement over a group of solvent mole- 
cules, all of which then share the proton defect. However, if this is an important factor, 
then it is also important that the shared charge should be a negative one. For the hydrogen 
ion can similarly co-opt solvent molecules to share its proton excess, and yet the hydrogen 
ion has been shown to have just the same salt effects as other univalent cations. Thus in 
the papers of 1940, it was shown that hydrogen chloride is equivalent in its salt effects to 
sodium chloride. Lucas and Hammett found that perchloric acid is similarly equivalent 
to sodium perchlorate. In further experiments, not recorded because of their similarity to 
those just mentioned, we have found near y identical kinetic effects of hydrogen bromide, 
sodium bromide, and potassium bromide. 

We base our picture of the retarding action of lyate ions on the conclusion of 1940 that 
many water or alcohol molecules are electrostatically involved in the initial stage of ionis- 
ation of an alkyl halide undergoing unimolecular solvolysis. We have to assume that the 
distributed proton defect in a solvent containing lyate ions impairs the solvation of the 
forming halide ion more than it aids that of the developing carbonium ion. The difference 
in the detailed condition of the molecules composing the solvation shell of the transition 
state would then be likely so to influence the energy and entropy of activation as to reduce 
reaction rate. We have to assume also that hydrogen ions, on the contrary, do not, in 
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dilute solution, disturb the solvation shells of forming halide ions except through their 
electrostatic effect, just as, in dilute solution, they do not, otherwise than through their 
charge, affect fully formed halide ions. We do not claim more for this picture than that it 
seems plausible as an outline. 

Our further concern has been with the influence of lyate ions on the final stage of uni- 
molecular solvolysis. The question here is whether a lyate ion is an effective competitor 
for an already formed carbonium ion. One can, of course, guess that, since lyate ions do not 
observably assist the formation of a carbonium ion, they are unlikely to show much ten- 
dency to combine with it. We have, indeed, found that in comparison with the chloride ion 
or the azide ion, for example, the hydroxide ion is a very poor competitor for the diphenyl- 
methyl cation. 

We record below some experiments relating to the hydrolysis in ‘‘ 60% *’ aqueous dioxan 
of diphenylmethyl bromide, in the presence of lithium chloride, without and with added 
sodium hydroxide. _ As illustrated in the preceding paper, the proportion in which intro- 
duced chloride ion competes with solvent water for the diphenylmethyl cation, as formed 
from diphenylmethyl bromide, can be judged from the percentage extent of hydrolysis at 
the point at which a break in the rate curve indicates that all the diphenylmethyl bromide 
has been destroyed, although most of the formed diphenylmethy] chloride still remains to be 
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Plot of integrated first-order vate constants 
against the percentage progress of hydrolysis 
of diphenylmethyl bromide by alkaline 
aqueous dioxan in the presence of lithium 
chloride. The break occurs when the original 
diphenylmethyl bromide is consumed, and 
only the diphenylmethyl chloride, formed 
from it by the intervention of chloride ion, 
remains to be hydrolysed. 
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hydrolysed. Thus in one of a pair of experiments with equimolecular amounts of initially 
taken diphenylmethyl bromide and lithium chloride, the break occurred at 82%, of hydro- 
lysis; and in the comparison experiment, in which, additionally, rather more than one 
equivalent of sodium hydroxide was present, the break still occurred at 82°% of hydrolysis, 
as indicated in Table 2 (and in the figure). 

Experiments on the hydrolysis of diphenylmethyl bromide in “‘ 60% ’’ aqueous dioxan 
in the presence of sodium azide, conducted as described in the next paper, have similarly 
shown that the extent to which the azide ion intervenes to form the unhydrolysed product, 
diphenylmethy] azide, is not diminished by the additional presence initially of an equivalent 
of sodium hydroxide. 

Clearly, then, the hydroxide ion is a poor competitor for the solvated carbonium ion, 
being much outdone in this respect by both the chloride ion and the azide ion. Probably 
this is a particular case of the general relation, noticed before in a number of connexions, 
that hydroxide and alkoxide ions, although they are strongly nucleophilic towards hydrogen 
(strongly basic), are relatively weakly nucleophilic towards carbon. This suggests that the 
charge on a lyate ion is normally distributed over some of the solvent, as already men- 
tioned, and therefore has to be condensed on the nucleus under attack; and that such 
electrical condensation would occur with greater intensity on an exposed hydrogen nucleus 
than on a well-screened carbon nucleus. In the particular reaction undez discussion, we 
can offer a molecular picture, based on the conclusion of 1940 that the carbonium ion in uni- 
molecular solvolysis is formed within a solvation shell, which ends its life by internal col- 
lapse, unless it is previously pierced by an attacking anion. We assume that, whereas a 
chloride ion or an azide ion can often penetrate the water shell round a carbonium ion, a 
hydroxide ion is nearly always waylaid by an external proton of the shell. 
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TABLE 3. Examples of kinetic runs. 


Run 4: In “ 60% "’ aqueous dioxan at 10-00°. Initially [ButBr] = 0-1026m. Values of x7 — %, 
where x measures acidity, are in c.c. of 0-05958n-NaOH per sample of 5-02 c.c. 


t 105%, Reactn., % ke — * 105%, Reactn., % 
0 , -_— 3-39 31-3 
210 4 28-9 2-77 31-6 
630 ° 29-3 2-19 31-6 
1185 30-3 1-69 31-7 
1790 . 30-6 1-24 32-4 
2320 “% 31-0 0-92 32-4 


k,° = 28-9 x 10° sec.*?. 


Run 5: In “ 60%" aqueous dioxan at 10-00°. Initially [ButBr) = 0-1061m, [NaOH] = 0-1039n. 
Values of y,; — v,., where y measures alkalinity, are in c.c. of 0-09756N-HCI per sample of 5-02 c.c. 


t : 105k, Reactn., % t Mu — Veo 10%, Reactn., % 
0 3380 1-98 30-0 
330 3955 1-66 30-1 
945 4615 1-33 30-6 
1575 5200 1-11 30-6 
2190 5745 0-92 31-0 
2775 7030 0-61 31-2 


k,° = 28-7 x 10° sec.71. 


tot oo 


Run 19: In “ 80%’ aqueous ethyl alcohol at 25-00°. Initially [ButBr] = 0-0968m. Values of 
— x, in c.c. of 0-06656N-NaOH per 5-02 c.c. 


t Ke — % 105%, Reactn., % t ¥en — % 105k, Reactn., % 
0 7:30 — 2200 3:22 37-2 56 
488 6-12 36-1 2835 2-52 37-5 
826 5-42 36-1 3515 1-97 37:3 
1220 4-68 36-4 4410 1-38 37-8 
1675 3-95 36-7 6260 0-68 37-9 


10° sec.“. 





Run 20: In ‘ 80%” aqueous ethyl alcohol at 25-00°. Initially [ButBr) = 0-1000mM, [NaOH] = 
0-1046N. Values of 4, — y,, in c.c. of 0-06838N-HC! per 5-02 c.c. 


t Reactn., % BY 105, Reactn., % 
0 . 2 . 36-8 55 
555 5 ° 2 . 37-2 65 
852 . P 37-5 75 
1200 ; ; . 37-3 82 
1655 f . f . 37-4 91 


ky? = 36-1 x 10 sec... 


Run 40: In ‘ 60% ’’ aqueous dioxan at 8-00°. Initially [Ph,CHBr] = 0-0878m. Values of x, 
in c.c. of 0-06264N-NaOH per 5-03 c.c. 


t Xo — % 105%,  Reactn., % Xen — % 105k, Reactn. 
0 7-05 -- 2-60 215 

107 5-71 197 2-06 218 

155 5-23 193 1-53 227 

220 4°59 195 1-14 231 

298 3-85 203 0-71 239 


371 3-20 213 k,° = 190 x 10° sec, 


Run 42: In “60%” aqueous dioxan at 8-00°. Initially [Ph,CHBr] = 0-0879m, [LiCl] = 0-0887m 
Values of +,, — *; as in Run 40. 


t 10%,  Reactn., % t fo — % 10%,  Reactn., % 

0 : — 1092 1-34 ‘ 81-0 
153 . 161 1391 1-02 85-6 
220 z 163 1682 0-93 86-8 
308 . 166 2012 0-82 88-4 
410 : 170 2292 0-74 89-6 
525 2- 177 2785 0-67 90-5 
662 2 174 3266 0-65 90-8 
882 . 166 3900 0-57 91-9 

k,° = 152 x 10° sec... 
7x 
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TABLE 3. (continued). 


Run 41: In ‘ 60%" aqueous dioxan at 8-00°. Initially [Ph,CHBr] = 0-0873m, [NaOH] = 
0-0920nN. Values of 7, — y, inc.c. of 0-06620N-HC1 per 5-03 c.c. 


105%, Reactn., %, t uM — Veo 1052, Reactn., ® 
~- 572 2-14 198 
155 725 1-51 204 
166 857 1-02 218 
173 1005 0-71 222 
189 f 1125 0-55 221 


0 


¢ 10° sec.“ 


Run 43: In “ 60% "’ aqueous dioxan at 8-00°. Initially [Ph,CHBr) = 0-0877M, [LiCl] = 0-0887m 
[NaOH] = 0-113N. Values of 4, — y, as in Run 41. 

105k, Reactn., % t Vt — Veo 105k, Reactn., %,, 

- 1196 1-23 141 81-5 

1500 0-99 127 85-1 

1810 0-83 115 87-5 

2180 0-76 100 88-6 

2600 0-60 93 91-0 

3080 0-56 80 91-6 

3705 0-49 70 92-6 

k,° = 124 x 10% sec.. 


EXPERIMENTAL 


Some kinetic runs are recorded in Table 3. No examples of runs with diphenylmethyl 
chloride are included, because most of these are nearly of first-order form, so that the course of 
the reaction is represented fairly well by the already quoted rate constants. The “ 60%” 
aqueous dioxan was made from 3 vols. of dry dioxan and 2 of water, and the ‘‘ 80% ”’ aqueous 
ethyl alcohol from 4 vols. of dry ethyl alcohol and 1 of water. For runs whose rates were to be 
compared, the solvent was drawn from a single stock. All the runs in the Table were followed 
either by the development of acid, or by the disappearance of alkali. Times, ¢, are in sec., and 
integrated first-order rate constants, #,, and initial specific rates, k,°, are in sec... The latter 
constants, here and in earlier tables, are corrected for reversibility when necessary. 

The plot of 10°%, against the percentage of reaction in Run 43 is shown in the figure. It is 
from this plot that the already given figure, 82%, for the position of the break in the rate curve 


is derived. The corresponding plot for Run 42 is quite similar, and the break occurs in the same 
position. 


WILLIAM RAMSAY AND RAtpu FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. [Received, March 1st, 1952., 
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472. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XXXV.* Effect of Temperature on the Competition between Uni- 
molecular Solvolytic and Non-solvolytic Substitutions of Di-p-tolyl- 
methyl Chloride. Activation in the Fast Step of Unimolecular Non- 
solvolytic Substitution. 


By AupREY R. Hawpon, E. D. HuGues, and C. K. INGoLp. 


In continuation of previous work directed to the determination of the 
kinetic characteristics of the separate processes involved in the unimolecular 
mechanism of nucleophilic substitution, an attack has been made on the 
question of whether the immeasurably fast processes have finite energies of 
activation. Theory suggests that the union of oppositely charged ions 
should be activated, though the cation-solvent reaction might not be. It 
has been shown in the case experimentally studied that the combination of a 
carbonium ion with an anion has an energy of activation. Di-p-tolyl- 
methyl (pp’-dimethylbenzhydryl) chloride has been allowed to undergo 
solvolysis in aqueous acetone in the presence of sodium azide, and the ratio 
of the rates at which the ditolylmethyl azide and the ditolylmethanol appear 
has been measured as a function of temperature. An application of the 
Arrhenius equation to these results shows that the energy of activation of the 
ionic association exceeds that of the cation—water reaction by 4-0 kcal. /g.-mol., 
and therefore must have at least this value. 


THE study of salt effects in nucleophilic substitutions, both solvolytic and non-solvolytic, 
was developed in our former group of papers (J., 1940, 960 et seg.), not only in order to 
diagnose mechanism, but also for the purpose of building up a picture of the unimolecular 
mechanism, notably with respect to those of its component processes, which, because they 
are fast, cannot be kinetically isolated. 

A preliminary explanation of how the present work extends the latter type of study can 
be made simpler, if, instead of expressing it in general terms, we introduce at once, and 
employ for the purpose of illustration, the particular form of example with which we have 
operated in extension of earlier work. This is the unimolecular solvolysis of an alkyl 
chloride in an aqueous solvent, with a competing unimolecular non-solvolytic substitution 
by azide ions : 


@) 0 _. ROH + H* + CI 
RCI = R++C-— 


(2) n,- > RN, + CI- 


The main points already established with respect to the four component processes here 
represented are as follows. 

The rate-determining ionisation, process (1), is unimolecular, the alkyl chloride being 
the only molecule which suffers covalency change in this reaction stage. It is a slow and 
activated process. Its energy of activation, although considerable, is not inaccessible ; 
and this is because there is an off-setting of ionic solvation energy against the covalent 
bonding energy (J., 1935, 252). 

The ionic recombination process (2), which restores the alkyl halide, and the ionic 
association process (2’), which is product-forming for the non-solvolytic substitution, are 
close analogues. Indeed, the main reason for introducing process (2’) is that it generalises 
process (2), and provides a convenient case for the investigation of reactions of ionic union. 
These reactions are much too fast to be isolated; but it has been shown by the study of 
salt effects that each is unimolecular with respect to each participating ion, and is thus 
bimolecular overall (J., 1940, 979). 


* Part XXXIV, preceding paper. 
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Process (3), which is product-forming for the solvolytic substitution, is also much too 
fast to be isolated. But it has been shown by the salt-effect method that it is unimolecular 
with respect to the carbonium ion, and multimolecular with respect to water (loc. cit.). The 
reaction is described as an internal collapse of the solvation shell, which for a certain time 
protects the carbonium ion. 

The next two points on which we would like to be informed relate to whether the fast 
ionic associations, (2) and (2’), on the one hand, and the fast cation—solvent reaction (3), 
on the other, have finite energies of activation. 

In the papers of 1940 it was briefly mentioned that we had found the ionic associations 
to be activated. But the observations were not complete enough to be reported at the 
time and hence they are presented on this, the first subsequent occasion on which we have 
returned to the discussion of salt effects. The rest of the present paper deals with the 
evidence on this matter. We are still without any definite evidence as to whether or not 
the cation—-solvent reaction is activated. 

The theoretical proposition, that the combination of oppositely charged ions in solution 
must be activated, is probably less in need of defence now than it was in the 1930's 
(cf. Trans. Faraday Soc., 1938, 34, 226). However, this principle is such an essential part 
of the theory of unimolecular substitution that we thought we should try to establish it 
definitely for this type of reaction. It has often been explained how, in a rate-controlling 
ionisation, energy must be supplied to the bond at smaller interatomic separations than 
those at which solvation energy eventually becomes liberated in excess (J., 1935, 252, and 
subsequently). An equivalent statement is that in ionic recombination, some energy of 
desolvation must be supplied before the ions can get sufficiently close to each other to 
commence the release of bond energy in excess. Either description implies that an energy 
hill separates the molecule from its ions. 

The theory of the cation-solvent reaction is quite different. It does not exclude, but 
does not require, the presence of any energy of activation in this process. 

We have examined the kinetic course of the reactions which di-p-tolylmethyl (p)'-di- 
methylbenzhydryl) chloride undergoes in aqueous acetone in the presence of sodium azide. 
The experiments reported in 1940 showed that the di-p-tolylmethyl cation has a degree of 
stability towards water which makes it fairly easy to arrange that ionic combination 
processes, such as (2) and (2’), will have speeds comparable to that of the cation—water 
reaction (3). This being the case, competitions between the fast processes, for example, 
between reactions (2’) and (3), can be studied with some precision. Our plan has been to 
examine the effect of temperature on the manner in which the carbonium ion is partitioned 
between azide ions and water, that is, on the ratio of the rates of the fast processes (2’) and 
(3), and thus, by the use of the Arrhenius equation, to determine the difference between 
the energies of activation of processes (2’) and (3). 

The analytical procedure is simple. We determine the concentration a — x of the 
alkyl chloride at any time ¢ by measuring the concentration x of liberated chloride ions. 
We also determine the concentration x’ of liberated acid, which is the same as the 
concentration of formed alcohol. The difference, x’’ = x — x’, is the concentration of 
formed alkyl azide, c — x’’ being the concentration of azide ion. The ionic strength, 
needed for the purpose of an activity correction, is c + x’, 

By the stationary-state principle, 


Vy = V2 a U3 aa Vg’ 
These rates are connected with observable quantities as follows 
Vy — Vg = dx/dt; vs = dx’/dt; vy = dx’’/dt. 


The rates may be expressed in terms of rate constants and concentrations, in accordance 
with the already determined molecularities of the reactions : 


v, = k,(a — x) vs = k,[R*] 
v2 = A[R*} ve = k[R*](c — x”) 
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Our concern will be with the ratio, 
1 dx” 1 : 
=. ar = dx’ . t—x" ° ° ° e ° e (i) 
Evidently we can determine «, if we can measure x’ and x”, with sufficient precision to 
obtain good values of dx’’/dx’. 

Here we introduce the activity correction, which is necessitated by the circumstance 
that the ionic strength c + x’ increases during reaction. On this account the rate constants, 
ky and k,, are not strict constants. Moreover, since they apply to reactions of different 
molecularities and charge distributions, they will drift according to different laws, and 
therefore their ratio, «, will itself drift as reaction proceeds. In fact, « is found to drift by 
the expected few units per cent. We therefore must work, not with the slowly varying 
function, «, but with the constant «°, the ratio of the rate constants ky° and k,° of reactions 
(2’) and (3) at zero ionic strength. This can be calculated from «, on the basis of electro- 


static principles, as explained in our former discussion of salt effects (J., 1940, 979). The 
formulz are as follows : 


= x° antilogy)[X(c + x’)? — Yo(c + x’)] 
= 1-815 x 10® . D-3/27-3!2 (ii) 
= 0-912 x 10%. D?®T-? 7 ih 
«= 2-7 x 10% cm. 
Here D is the dielectric constant of the solvent and T the absolute temperature. The 
ionic-strength constant « is as experimentally determined for di-p-tolylmethyl (f'-di- 
methylbenzhydryl) chloride (loc. cit.), since the value for the azide must be nearly the same 
(loc. cit.), and an exact value is not important for the purposes of the present somewhat 
small correction. 
Our procedure, then, is to determine «° as a function of temperature. From the 
Arrhenius equations, 
ky° = Ay exp [—E,/RT] and k,° = A, exp [—E,/RT] 
we have the relation 
a° = ky°/k,° = (Ag/A;)exp[—(Ey — E;)/RT)] . . . . .« (iii) 
Hence a plot of log «° against 1/T will give the activation-energy difference E, — E3. 


If this should be positive, then the energy of activation FE, of the ionic union must be 
finite, and not smaller than the determined difference. 

In the main series of experiments, the solvent was a mixture of 9 volumes of acetone 
with 1 of water, a mixture designated below as ‘‘ 90%, ’’ aqueous acetone. The results 
obtained in this solvent are summarised in Table 1 (for details, see Experimental section). 


TABLE 1. Effect of temperature on relative rates of mnon-solvolytic and solvolytic 
substitutions of di-p-tolylmethyl chloride in ‘‘ 90°%,’’ aqueous acetone containing sodium 


a’ = k,°/k,° in 1./g.-mol. 





Individual values Mean 

102, 105, 105 104 

115, 114 115 

, 5, 138, 134, 134 135 
16, 17 . 152, 149 151 
13, 14, 15 9- 170, 168, 170 169 


The corresponding Arrhenius plot, essentially the graph of equation (iii), is in Fig. 1. 
It shows that the energy of activation of the ionic association (2’) exceeds that of the 
cation—water reaction (3) by 4-0 kcal./g.-mol. A similar though rather rough value, 
3-9 kcal./g.-mol., was obtained as the final result of another series of experiments, which 
were made in ‘‘ 85% ’’ aqueous acetone, but are unrecorded because the runs were so fast * 
that the accuracy of measurements was somewhat low. Our general conclusion is that the 
ionic union, although it is very fast, has an energy of activation of at least 4 kcal./g.-mol. 

* The use of lower temperatures was precluded by the limited solubility of the alkyl chloride. 
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EXPERIMENTAL 


Materials.—These were prepared and purified as previously recorded (J., 1940, 974). 

Analyses.—Generally the methods were those of the previous work (loc. cit.), though some 
special routines were adopted. No attempt was made to determine acidity and chloride ion on 
the same sample. First, 5 c.c. of the reaction solution were run into 50 c.c. of dry acetone at 
—10°, and titrated with potassium hydroxide, bromothymol-blue being the indicator. The 
temperature is of some importance, for if it is much lower the indicator does not work well, 
while if it is much higher the reaction does not stop. Then, about 30 seconds later, a second 
similar sample was run into 50 c.c. of carbon tetrachlorde at —20°, and an ice-cold aqueous 
extract of this solution was employed for the determination of chloride ion by the usual Volhard 
procedure. Later analyses were made similarly in pairs, the sample for the determination of 
acid being taken first, and that for the measurement of chloride ion about 30 seconds later. 
Eventually the chloride-ion measurements were interpolated to the times of the acidity 
determinations, and the time of the first chloride-ion measurement was treated as the time zero. 

Calculations.—Method (1). The first method we used was the obvious one: the chloride 
ion #, the acidity #’, and their difference +’’, were all plotted as functions of the time. Then +” 

Fic. 1. Arrhenius plot of the rate-ratios (a° = 


ky°/k,° in l./g.-mol.) of the competing fast 
stages of unimolecular substitution. 





Fic. 2. Illustrating the determination of a° by 
method (2). (Run no. 11.) 








= | st 








0-5 10, 
0-391.x' -0-0029 x’ 











35 36 37 

1000/T 
was plotted against x’, and, tangents being drawn with the help of a mirror, values of dx’’/dx’ 
were obtained. From these, and the relevant values of x”, a was computed by means of 
equation (i). From this «° was calculated by means of equation (ii). The dielectric constant 
of ‘‘ 90% ”’ aqueous acetone at 6 °c was taken as 27-5 — 0-100. 

Method (2). This method was invented in order to avoid the risk of introducing subjective 
errors during the drawing of tangents. The general idea is to separate the differentials in 
equation (i), and then integrate it. It is true that to do this directly would be most tedious, 
because « is the somewhat complicated function of *’ expressed in equation (ii). But we can 
effect great simplification by taking advantage of the cirumstance that the graphs of « against 
x’, as drawn from equation (ii), for the relevant ranges of x’, are in practice indistinguishable 
from straight lines : 

a = a°(m — nx’) Coe a ae ee 


They are, indeed, not quite horizontal straight lines, falling in height, usually by about 5%, as x’ 
rises from zero to its largest value. Using equation (ii), we can draw such a line for the 
conditions of any experiment, and thus determine the constants m and » which appear in the 
expression (iv). Then, substituting for « in equation (i) by means of equation (iv), we obtain 
an equation which can easily be integrated to give equation (v) : 

a°(mx’ — 3nx’?) —In(c — #”") + constant . .. . . (v¥) 


This equation tells us that if, having measured x’ and x’’, we plot log (c — x’) against mx’ — 3nx’?, 
we should get a straight line, the slope of which will give the value of a°. An example of sucha 
plot is shown in Fig. 2. 

For the purpose of comparing the graph in Fig. 2, or such other graphs as could be constructed 
from the data given below, with the final results, as entered in Table 1, it is necessary to know 
that our practice was to carry through the calculations with all concentrations expressed as that 
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volume of a solution of the normality of the employed silver nitrate which is equivalent to the 
amount of the material in the sample analysed. The resulting «° is thus obtained in units 
which are the reciprocal of these units; and it has therefore to be multiplied by the volume of 
the sample, and divided by the normality of the silver solution, for conversion into the standard 
units, 1. /g.-mol. 

Preferred procedure. The two methods of calculation, when applied to the same run, gave 
similar results. Thus for run no. 4, «° was obtained as 135 and 138 1. /g.-mol. by the two methods, 
for run no. 6, 133 and 134, and for run no. 10, 105 and 102 1./g.-mol. However, after some 
experience of both methods, we came to prefer the second, as depending less on personal 
judgment. Method (2) has been used consistently for the derivation of the figures in Table 1. 

Results.—In all runs the initial concentrations of di-p-tolylmethyl chloride and of sodium 
azide were about 0-05, the samples taken for analysis were about 5 c.c., and the solutions of 
silver nitrate and of potassium hydroxide used for titration were about 0-02N. 

In illustration, the record of a run, and of the calculations based upon it, are given in Table 2. 
Tabulated quantites are expressed in the following units: * = Titre of AgNO, in c.c., reckoned 
from the first such titration as zero; y = titre of KOH in c.c.; y’ = titre of KOH in 
c.c., reckoned from the titre at the time of the first AgNO, titration as zero; x’ = y’, re-expressed 
as equivalent c.c. of the AgNO,; +” = * — x’, reckoned as above. 

The initial concentrations a and c are expressed in the same units as x, 2’, and x”. Times 
are in seconds, but are denoted by ¢ only when reckoned from the time of the first 
AgNO, titration. Values of «° have been converted into 1./g.-mol. 





TABLE 2. Details of run No. 4. 


Experimental Results—Solvent: ‘90%’ aqueous acetone. Temperature, 9-97°. Initially, 
[RC]l) = 0-0463m, [NaN,;] = 0-0512m. Analytical solutions, AgNO, = 0-02137nN, KOH = 0-0184N. 
Samples, 5-037 c.c. 

Acid Chloride 








ao 2) 
Time y Time y Time , Time 
0 0-00 1048 153 4816 1081 
154 0-32 1723 2-19 6147 . 1755 
308 0-60 2583 2-61 7749 ’ 2615 
619 1-01 3636 3-07 3669 


The time 35 seconds was taken as ¢ = 0. 


Calculations.—Method 1: 


Data from the graphs of # and x’ against /. 
10-1 18-1 30-2 400 495 58-9 70-5 ° 90-4 100-0 
28-4 28-6 29-1 30-5 314 326 33-6 33-4 31-3 
Data from the graphs of %’’ against ¢ and against x’. 
17-6 27-7 344 40:7 49:5 57-9 76-6 83-4 
135 135 135 135 135 135 134 134 (132) 
Mean a° = 135 1./g.-mol. 


Method 2. From the graph of equation (ii) the constants of equations (iv) are evaluated as 
m = 0-391 and m = 0-0061. 
t ¥ 
0 . 0-00 
119 “78 0-22 
273 -66 0-46 
584 -92 0-81 
1003 “2 1-26 
1688 * 1-83 
2647 “ 2-19 
3601 “TE 2-58 
4781 . 2-79 
6112 “ 2-98 
7714 . 3-08 
w . 3-11 


c— x” logy) (¢ — *’’) mx’ — 4nx 
12-04 1-081 
11-47 1-060 

1-035 
0-997 
0-958 
0-913 
0-861 
0-837 
0-803 
0-781 
0-757 
0-718 


2Oomto or 2 
S=E58 


SUMS SS y 
Qe-9 
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oe 
owe 
wwe 


From the graph of equation (v), «° = 138 1./g.-mol. 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoL__eGce, Lonpon, W.C.1. Received, March Ast, 1952.) 
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473. The Addition of Free Radicals to Unsaturated Systems. Part I. 
The Direction of Radical Addition to 3:3: 3-Trifluoropropene. 


By R. N. HAszELDINE. 


The photochemical or thermal addition of hydrogen bromide and 
of trifluoroiodomethane to 3:3: 3-trifluoropropene yields exclusively 
CF,°CH,°CH,*Br and CF,°(CH,°CH(CF;)],°CH,*CHI°CF,. Dehydroiodina- 
tion of the compound where » = 0 yields tvans-CF,,;CH—CH°CF,. The 
conversion of this into CF,-*C=C-CF, and the preparation of several chloro- and 
bromo-hexafluoro-butanes and -butenes are described. The hydrogenation 
of CF,I, CF,,;CH—CH,, cis- and trans-CF,,;CH—CH’CF;,, and CF,*C=C-CF, 
is considered. Infra-red and ultra-violet spectra of certain fluorine 
compounds are reported. 


Tuis paper records the beginning of a study of the factors influencing the direction of addition 
of free radicals to unsaturated systems, t.e., to determine how the direction of addition of 
a radical or atom Y to an unsaturated system R,R,C—CR,R,, R,C=CRg, etc., is influenced 
by the nature of R,, Rg, Rs, and R, (= H, halogen, alkyl, etc.), and to determine if variation 
of Y leads to changes in the direction of addition. 

The study of the peroxide effect has led to the hypothesis that under free-radical 
conditions hydrogen bromide reacts by a chain mechanism initiated by a bromine atom 
(Mayo and Walling, Chem. Reviews, 1940, 27, 351). If this is true, then the direction of 
addition of the bromine atom to a variety of olefins is known from the work of Kharasch 
and his co-workers. The addition of free alkyl radicals to unsaturated systems is less 
clearly defined, although recently Kharasch and his co-workers (various papers in J. Amer. 
Chem. Soc. and J. Org. Chem.) have studied the attack of a CCl, radical on olefins. 

In the early papers of this series will be described the direction of addition of the tri- 
fluoromethy] and similar radicals derived from fluoroiodides to unsaturated compounds of 
various types. The reaction of perfluoroalkyl iodides with ethylene, tetrafluoroethylene, 
and acetylene has been described previously (Haszeldine, J., 1949, 2856; 1950, 2789; 
1951, 588). 

The advantages of using trifluoroiodomethane as the source of a free radical are: 
(1) homolytic fission of the carbon-iodine bond is readily achieved by ultra-violet light or 
by heat, peroxide initiators are not required, and side reactions involving free radicals 
from the initiator are thus eliminated; (2) the addition to unsaturated systems proceeds 
smoothly and with few side-reactions; (3) the structure of the product and hence the 
direction of addition is often readily ascertained, and in this connection the stabilising 
influence of trifluoromethyl groups and the volatility of compounds which contain 
trifluoromethyl groups help considerably in the manipulation of the products; and (4) the 
initiation of reactions by an iodine atom may be assumed to be less probable than initiation 
by the much more reactive trifluoromethyl radical. In connection with (4) it may be 
noted that Mayo and Walling (loc. cit.), from a consideration of heats of addition of halogen 
acids to double bonds, conclude that the addition of an iodine atom to a double bond does 
not proceed readily. The photochemical addition of iodine to unsaturated compounds can 
occur via iodine atoms (Berthoud and Mosset, J. Chim. phys., 1936, 33,272; Forbes and 
Nelson, J. Amer. Chem. Soc., 1937, 59, 693; Ghosh and Bhattacharyya, Science and Culture, 
1937, 3, 120, Chem. Abs., 1938, 32, 414; Bhattacharyya, J. Indian Chem. Soc., 1941, 18, 
257 ; Ghosh, Murthi, and Gupta, Z. phystkal. Chem., 1934, B, 26, 258 ; Schumacher and Wiig, 
thid , 1930, B, 11, 45; Schumacher and Stieger, zbid., 1931, B, 12, 348; Tamblyn and 
Forbes, J. Amer. Chem. Soc., 1940, 62, 99; Arnold and Kistiakowsky, J. Chem. Phys., 
1933, 1, 166) and chain mechanisms have been put forward. The reverse reaction involving 
loss of iodine from the di-iodides also occurs readily. Iodine atoms are known to be 
much less reactive than alkyl radicals (Howe and Noyes, J. Amer. Chem. Soc., 1935, 57, 
1262). Furthermore, if it were assumed that iodine atoms from trifluoroiodomethane 
could initiate a polymerisation reaction of the type described earlier (Haszeldine, loc. cit.), 
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then, since ethylene or tetrafluoroethylene yield exclusively CF,*[(CX_°*CX,],"1 (X = H or F) 
with trifluoroiodomethane, a chain mechanism of the type 


Jes 1-CXyCXor > I-[CXe}yrCXz", etc. 
I-[CX]CXo° + CF,1 —> I-[CX,],CF, + I- 


would have to be postulated. This would involve attack of radicals of the type 
I-[CX,],"CX,* on the carbon atom of trifluoroiodomethane for the chain-transfer step, as 
distinct from the more usual reaction of free hydrocarbon radicals, viz., abstraction of an 
atom attached to a carbon atom, for example, hydrogen in the case of hydrocarbons, 
alcohols, ethers, etc., and chlorine in the case of carbon tetrachloride (Banus, Emeléus, and 
Haszeldine, J., 1950, 3041). Until further evidence becomes available therefore, it will be 
assumed that the trifluoromethyl radical and not the iodine atom initiates the addition 
reactions described earlier (Haszeldine, loc. cit.). It should be noted that, in reactions 
involving the photochemical addition of hydrogen bromide or bromotrichloromethane to 





Fic. 1. 
a, CF,°CH,°CH,Br (liquid in 0-l1-mm. cell and 
as capillary films). 
b, CF,*CHI*CH,°*CF, (liquid in 0-025-mm. cell 
and as capillary films). 
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unsaturated systems, initiation of reaction by hydrogen or bromine atoms can be eliminated 
with much less certainty. 

The present communication (for preliminary results see Haszeldine and Steele, Chem. 
and Ind., 1951, 684) describes the photochemical and thermal addition of hydrogen bromide 
and of trifluoroiodomethane to 3:3: 3-trifluoropropene. The addition of hydrogen 
halides to the fluoropropene under conditions favouring an ionic reaction will be described 
later. 

Hydrogen bromide does not react with 3: 3: 3-trifluoropropene in the dark, but on 
irradiation rapid addition occurs, giving exclusively 3-bromo-] : 1 : 1-trifluoropropane. 
The reaction is, however, slower than the addition of hydrogen bromide to propylene which 
is very rapid in the vapour phase, even in Pyrex vessels (Vaughan, Rust, and Evans, 
J. Org. Chem., 1942, 7,477). The 3-bromo-1 : 1 : 1-trifluoropropane is easily distinguished 
from its 2-bromo-isomer by a difference in boiling point of 14°, and its identity was 
confirmed by comparison of its infra-red spectrum (Fig. la) with that of a genuine specimen. 
If the bromine atom and not the hydrogen atom initiates the reaction then we have 


Br: + CF,CH=CH, —> CF,-CH-CH,Br 
CF,-CH-CH,Br + HBr —> CF,-CH,*CH,Br + Br: —> etc. 


and, since 3-bromo-1: 1: 1-trifluoropropane is the only compound formed, there is 
apparently no tendency for the CF,-CH-CH,Br radical to react with a second molecule of 
trifluoropropene. 

Under the influence of light, 3:3: 3-trifluoropropene reacts with a large excess of 
trifluoroiodomethane to give only one product, 1:1: 1:4: 4: 4-hexafluoro-2-iodobutane, 
in almost theoretical yield; there is no reaction in the dark. The use of a 











2506 Haszeldine: The Addition of 


moderate excess of trifluoroiodomethane leads to the formation of small amounts 
of the 1: 2-adduct (1:1: 1: 6:6: 6-hexafluoro-2-iodo-4-trifluoromethylhexane), fluoro- 
form, 1:1:1:4: 4: 4-hexafluorobutane, and traces of higher polymer. A similar mixture 
of products is formed on prolonged irradiation of trifluoropropene and excess of trifluoro- 
iodomethane, or on heating in absence of light 3 : 3: 3-trifluoropropene and a moderate 
excess of trifluoroiodomethane. The 1: 3-adduct, 1:1:1:8: 8: 8-hexafluoro-2-iodo- 
4:6 bis(trifluoromethyl)octane, was isolated from the thermal reaction. Thus, if it is 
assumed that the CF, radical initiates the reaction, the suggested chain mechanism is : 
hy 
CF,I -—,,” CF, + I- 
CF,° + CF,-CH=CH, —~> CF,°CH-CH,°CF, 
CFyCH-CHyCF, + CF,yCH=CH, —> CF,-CH-CH,CF, 
CHCHCF, etc. . .. . (3) 
CF,-CH-CH,°CF, + CF,I —~ CF,°CHI-CH,°CF, + CF,-—— etc. (4) 


When a large excess of trifluoroiodomethane is present the chain-transfer reaction (4) 
excludes completely the chain-propagation reaction (3), and CF,-CHI-CH,°CF, is formed 
quantitatively. When less trifluoroiodomethane is used, however, the formation of small 
amounts of the 1 : 2- and 1 : 3-adducts CF,-[(CH,*CH(CF,)],,;CH,°CHI-CF, (n = 1 and 2) 
shows that the CF,-CH-CH,°CF, radical can undergo reaction (3) to a certain extent. 
Prolonged photolysis cleaves the carbon-iodine bond in the 1: 1-adduct and leads to 


hexafluorobutane by either disproportionation or hydrogen-abstraction from a hydrogen- 
containing molecule RH : 


2CF,CH-CH,CF, —> CF,CH,*CH,CF, + CF,;CH=CH-CF, 
CF,CH:CH,CF, + RH —> CF,-CH,*CH,CF, + R: 


In the thermal reaction trans-1 : 1: 1: 4:4: 4-hexafluorobut-2-ene was formed in amount 
corresponding approximately to the hexafluorobutane isolated, but in the photochemical 
reactions no hexafluorobutene was detected. Thus either of the above routes to hexa- 
fluorobutane may apply. Fluoroform was a reaction product only when more stringent 
conditions were used, and clearly arises by attack of the CF, radical on RH. In this 
connection the hydrogenation of trifluoroiodomethane is reported. The fluoro-iodide and 
hydrogen yield fluoroform at 250° in absence of light : the photochemical reaction is slow 
at room temperature, but the rate is increased by addition of mercury which, by removal 
of iodine as mercuric iodide, prevents the primary recombination of the CF, radical and the 
iodine atom. Mercury-sensitised dissociation of hydrogen or of trifluoroiodomethane may 
also be involved. Trifluoromethylmercuric iodide is formed at room temperature, but only 
traces are found at 170° since it undergoes photolysis and hydrogenation under these 
conditions. 

The ultra-violet absorption maxima of 1:1: 1:4: 4: 4-hexafluoro-2-iodobutane and 
related compounds in ethanol are shown in the annexed Table. m-Aliphatic hydrocarbon 


Amax. (My) Amax. (Mp) 
54: CF,°CH,°CH,I 259—260 
CF,°CH,°CHI-CH, 264 
CF,°CH,*CHI-CF, 265 
CF,I vapour 267 


59-5 


iodides are characterised by a maximum at 255 mu, which moves to longer wave-length 
with the sec.-isomers. Comparison of the spectrum of CF,°CH,°CH,I with those of the 
sec.-iodides CF,*CH,*CHI-CH, and CF,*CH,°CHI-CF, shows a similar shift. The maxima 
of the last three fluoroalkyl iodides are at longer wave-lengths than those of the corre- 
sponding alkyl iodides, as was observed for trifluoroiodomethane vapour, and the further 
the polyfluoro-group is removed from the carbon-iodine bond the more does the absorption 
spectrum resemble that of the corresponding hydrocarbon. 
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The infra-red absorption spectrum of 1:1:1: 4:4: 4-hexafluoro-2-iodobutane is 
recorded in Fig. 16. Strong bands in the 7-6—9-0-u region are associated with the carbon— 
fluorine stretching vibration, and the bands at 3-35 and 6-98 u are due to carbon—hydrogen 
stretching and bending vibrations. Similar bands are apparent in the spectrum of 1-bromo- 
3: 3: 3-trifluoropropane (Fig. 1a). 

That the direction of addition of the CF, radical to 3 : 3 : 3-trifluoropropene is actually 
as shown by (2) above and not as 


CF, + CF,-CH=CH, —> (CF,),CH-CH,* —> (CF,),CH-CH,1 


is shown by the conversion of the hexafluoro-iodobutane into trans-1:1:1:4:4: 4-hexa- 
fluorobut-2-ene by treatment with alcoholic potassium hydroxide. The infra-red spectrum 
of the fluorobutene is shown in Fig. 2. Presence of only one band in the 3-u region (at 
3-23 u) shows that olefinic carbon—hydrogen bonds are present, and that CH, groups are 
absent. The absence of a band of moderate intensity in the 6-u region of the spectrum 
(C=C stretching frequency) plus the presence of the strong band at 10-36 strongly 
support the formulation of the hexafluorobutene as the trans-isomer. In the hydrocarbon 


Fic. 2. trans-CF,-CH=CH:CF, (vapour in 50-mmi. cell). 
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series, the 10-36-u band is used diagnostically to distinguish between cis- and trans-isomers. 
In fluorine and halogeno-compounds the position of this strong carbon—hydrogen out-of- 
plane bending mode in /rans-olefins is more variable but can still be used diagnostically 
(Nature, 1951, 168, 1028, and unpublished work) (cf. Table). The preparation of cis- 


tvans-Compound trvans-Compound 
CF,-CH=CH’-CF, . >F,°CH=CH Br 
CF,°CH=CH-CO,H '3;CH=C 
CF,-CH=CHC1 . 
>H,*CH=CHBr 


1:1:1:4:4:4-hexafluorobut-2-ene is described below; its infra-red spectrum has the 
expected band in the 6-u region (5-95 u) for the C—C stretching frequency. The isomeric 
hexafluoroiodobutane (CF;),CH*CH,I would have given the butene (CF,),C—CHg, and the 
spectrum of this compound would show a C—C stretching band in the 6-u region. Chemical 
verification of the structure of the trans-hexafluorobutene is its hydrogenation to 
1:1:1:4:4:4-hexafluorobutane (also obtained by hydrogenation of the cis-isomer), 
and its oxidation to 1-7 mols. of trifluoroacetic acid. Under comparable conditions the 
cis-isomer gave 1-75 mols. of trifluoroacetic acid. Oxidation of (CF,),C—CH, would 
have yielded hexafluoroacetone which has been obtained by an independent route (Nature, 
loc. cit.) and is decomposed by alkali to fluoroform and alkali trifluoroacetate. The absence 
of fluoroform and hexafluoroacetone, and the production of more than one mol. of tri- 
fluoroacetic acid on oxidation, clearly eliminate the possibility of (CF,),CH*CH,I having 
been formed from trifluoroiodomethane and trifluoropropene. 
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The 1 : 2- and 1 : 3-adducts from trifluoroiodomethane and trifluoropropene are (I) and 
(II), and not (ITI) or (IV), since infra-red spectroscopic examination of the dehydroiodinated 
CF,CH-CH, CF, CF,-CH-CH, CF, CF,-CH-CH,-CF, CF,-CH-CH, CF, 
H,-CHL-CF, H,-CH-CF, CF,-CH-CH,I CF,-CH-CH, 
H,CHI-CF, CF,-CH-CH,I 
(I) (II) (IIT) (IV) 
material showed the presence of trans-CH—CH- groups and the absence of >C—CH, 
groups. Furthermore, trifluoroacetic acid was liberated on oxidation, as expected for com- 
pounds containing the CF,,;CH—CH-— groups, and a trifluoromethy] ketone (or fluoroform, 
its hydrolysis product), which would arise by oxidation of compounds containing the 
CF,°C—CH, group, was not detected. 

The structure of 1: 1: 1:4:4:4-hexafluoro-2-iodobutane is supported by a series of 
reactions described below, and the direction of addition of trifluoroiodomethane to 3 : 3 : 3- 
trifluoropropene is established. Still on the assumption that with trifluoroiodomethane 
and hydrogen bromide the trifluoromethyl radical and the bromine atom are the attacking 
entities, it follows that in both cases attack is on the terminal CH, group of CF,,>CH=CHg, 


t.e., that the secondary radicals C F,-CH-CH,Br and CF,CH-CH,°CF, are more stable than 
Fic. 3. CF,C=C-CF, (vapour in 64-mm. cell). 
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the primary radicals CF,-CHBr-CH,° and (CF;),CH°CH,°. In corresponding reactions with 
propylene, the CF, radicals and bromine atom also become attached to the terminal CH, 
group (Haszeldine and Steele, loc. cit.). The addition of HX to 3: 3: 3-trifluoropropene 
yields exclusively CF,*CH,*°CH,X (X = F, Cl, Br, or OMe) (Henne and Kaye, J. Amer. 
Chem. Soc., 1950, 72, 3369; unpublished data from this laboratory), thereby indicating that 
b— 8+ 


in ionic reactions the trifluoropropene molecule is polarised as F,;C <— CH=CH,. The 


$+ s— 

polarisation for addition of HX to propylene is CH;—CH—CHag, so that, if it is assumed 
that the 3 : 3 : 3-trifluoropropene and the propylene molecules are polarised during reactions 
involving free radicals in the same direction as they are during reactions involving ionic 
intermediates, then it follows that the direction of addition of the trifluoromethyl] radical 
or the bromine atom is not affected by the polarity of the double bond but depends on 
other factors, for example, the relative stability of the intermediate radicals. The factors 
affecting the stability of free radicals outlined earlier (Haszeldine and Steele, loc. cit.) with 
full discussion of the facts and validity of the assumptions made in the last sentence and 
elsewhere in this paper will be the subject of a later communication in this series. 

When 1:1: 1:4: 4: 4-hexafluoro-2-iodobutane was treated with bromine or chlorine 
in the presence of light, high yields of the 1:1:1:4:4:4-hexafluoro-2-bromo- and 
-chloro-butane were obtained (CF,°CH,°CHI-CF, —~» CF,°CH,°CHX°CF;). Dehydro- 
iodination of these compounds also yielded trams-1 : 1: 1 : 4: 4: 4-hexafluorobutene. 

Addition of bromine to trans-hexafluorobutene followed by treatment with alcoholic 
potassium hydroxide yielded 2-bromo-1 : 1: 1:4:4:4-hexafluorobutene. Reaction with 
chlorine followed by dehydrochlorination similarly yielded 2-chloro-1:1:1:4:4:4 
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hexafluorobutene. In both cases, a small amount of hexafluorobut-2-yne (first prepared 
by Henne and Finnegan, J. Amer. Chem. Soc., 1949, 71, 298, from 2 : 3-dichloro- 
1:1:1:4:4:4-hexafluorobutene) was formed by removal of two molecules of hydrogen 
halide. Further treatment of the hexafluoro-2-halogenobutenes with powdered alkali gave 
hexafluorobut-2-yne but the yield from the chloro-compound was low. It is clear that 
(CF,),CH-CH,I could not have yielded an acetylene by the sequence used. The infra-red 
spectrum of hexafluorobut-2-yne is shown in Fig. 3; since the molecule is symmetrical, 
there is no band corresponding to the -C=C- stretching vibration (4-65 u in 3: 3 : 3-tri- 
fluoropropyne; Haszeldine, J., 1951, 2495). 

An alternative procedure giving better yields for the conversion of cis- or trans-hexa- 
fluorobut-2-ene into hexafluorobut-2-yne is : 


xX -HX x 
CF,CH=CH-CF, —> CF,-CHX-CHX-CF, ——> CF,-CH=CX-CF, —> 


-HX Zn, EtOH 
CF,-CHX-CX,-CF, ——> CF,-CX=CX-CF, ————_> CF, 'C=CCF, 


Each step can be effected in high yield if dehydrohalogenation is carried out at low 
temperature; higher temperatures bring about solvolysis of the allylic trifluoro-groups. 
Thus, as noted (J., 1951, 2495) for the synthesis CF,,CH—CH, —~ CF,°C=CH, the 
formation of a triple bond adjacent to a CF, group is best achieved by removal of the two 
halogen atoms from adjacent carbon atoms, CF,-;CX—=CX- —-> CF,°C=C- rather than by 
removal of an adjacent halogen as hydrogen halide, CF,-CK—CH- or CF,,;CH=CX- —> 
CF,-C=C-. 

The stepwise hydrogenation of hexafluorobut-2-yne proceeds smoothly, to yield 
exclusively the cis-hexafluorobut-2-ene and 1:1:1:4:4:4-hexafluorobutane reported 
by Henne and Finnegan (loc. cit.), who deduced that the configuration was cis from its 
appreciable dielectric constant of 20-8 at 20°. Further proof of the configuration of the 
olefin is given by its infra-red spectrum since, although the olefinic C-H stretching 
vibration is at 3-23 u as in the trans-isomer, a clear distinction between the isomers can be 
made by the band due to the C—C stretching vibration at 5-95 u in the cis-isomer. The 
large difference in boiling point between cis- (33-5°) and trans hexafluorobut-2-ene (8-5°) 
(cf. cis- and trans-but-2-ene, b. p. 3-7° and 0-9°) suggests that their heats of hydrogenation 
should differ appreciably. 

Electrophilic addition to olefins containing a polyfluoro-group adjacent to a double 
bond is difficult, and nucleophilic addition often involves side-reactions. Thus, hydrogen 
fluoride, chloride, bromide, and iodide can be added to 3: 3: 3-trifluoropropene and to 
1:1:1:4:4:4-hexafluorobut-2-enes only with difficulty (unpublished data). Henne, 
Smook, and Pelley (J. Amer. Chem. Soc., 1950, 72, 4756) recently showed that base- 
catalysed addition of ethanol to 3 : 3 : 3-trifluoropropene yielded some CF,°CH,°CH,°OEt, 
but that the main reaction was solvolysis of the CF, group, and Campbell, Knobloch, and 
Campbell (tbid., p. 4380) report that sodium methoxide, primary amines, and sodiomalonic 
esters do not add to olefins of the type CF,,;CH=CHR. It becomes increasingly evident, 
however, that the addition of free radicals or of atoms to such olefins can proceed more 
smoothly than reactions involving ionic intermediates, although at a somewhat slower rate 
than to the corresponding hydrocarbon olefins. Thus, hydrogenation of 3 : 3 : 3-trifluoro- 
propene, hexafluorobut-2-yne, and 1:1: 1:4: 4: 4-hexafluorobut-2-enes proceeds readily 
under mild conditions, and addition of chlorine or bromine to these unsaturated compounds 
is facilitated by ultra-violet light rather than by polar catalysts. 

Further papers in this series will deal with the addition of trifluoroiodomethane to a 
variety of unsaturated compounds. 


EXPERIMENTAL 
Preparation of 3:3: 3-Trifluoropropene.—This compound was prepared from 1: 1: 1-tri- 
fluoro-3-iodopropane (Haszeldine, J., 1951, 2495) or from 1:1: 1-trifluoro-3-chloro- or 
-3-bromo-propane. The last two compounds were products of the treatment of 3-bromo- 


1:1: 1-trichloropropane with antimony trifluoride (unpublished). Dehydrohalogenation was 
effected in >90% yields. 
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Hydrogenation of 3:3: 3-Trifluoropropene.—Trifluoropropene (5-0 g.) was treated with 
hydrogen at 30°/10 atm. in the presence of Raney nickel. Hydrogen absorption was rapid and 
the yield of 1: 1 : 1-trifluoropropane (4-9 g.) (M, 98), b. p. —13°, was practically quantitative. 

Hydrogenation of Trifluoroiodomethane.—Trifluoroiodomethane (3-0 g.) in a series of sealed 
Pyrex tubes was irradiated at 170° with ultra-violet light in the presence of mercury and a 
slight excess of hydrogen. Mercuric iodide and traces of trifluoromethylmercuric iodide 
(Emeléus and Haszeldine, J., 1949, 2948) were deposited. After 24 hours the yield of fluoroform 
was 81%; 15% of the trifluoroiodomethane was recovered. 

When heated with a slight excess of hydrogen to 250° for 48 hours in the absence of light, 
trifluoroiodomethane (2-0 g.) gave an 89% yield of fluoroform. 

There was little reaction when trifluoroiodomethane (2-0 g.) and excess of hydrogen were 
irradiated in 50-ml. silica vessels at room temperature. A slow reaction took place in the 
presence of mercury, to give after 72 hours fluoroform (12%), trifluoromethylmercuric iodide 
(5°,), and unchanged trifluoroiodomethane (71%). 

Addition of Hydrogen Bromide to 1:1: 1-Trifluoropropene.—Trifluoropropene (3-20 g., 
0-033 mole) and pure, dry hydrogen bromide (5-40 g., 0-067 mole) were sealed in two silica tubes 
which had been carefully cleaned and dried to remove traces of materials which might act as 
catalysts. After 48 hours in the dark at room temperature, no reaction had occurred. The 
tubes were then irradiated at a distance of 20 cm. by a Hanovia lamp with filter removed. An 
immediate reaction was apparent at room temperature, and after 18 hours the contents of the 
tubes were distilled, to give 3-bromo-1 : 1 : 1-trifluoropropane (5-71 g., 97%), b. p. 62—62-5°, 
n? 1358 (Found: M, 176. Calc. for C,H,BrF,: M, 177). McBee, Hass, Toland, and 
Truchan (J. Amer. Chem. Soc., 1947, 69, 944) report b. p. 62—62-5°, nj? 1-3572. The b. p. of 
2-bromo-1: 1: 1-trifluoropropane is 49° (Swarts, Bull. Soc. chim. Belg., 1929, 48, 106; 
Haszeldine, /., 1951, 2495, reports b. p. 48—50-5°, n# 1-350). When the excess of hydrogen 
bromide was dissolved in water, no unchanged trifluoropropene could be detected. 

Addition of Trifluoroiodomethane to 1:1: 1-Trifluoropropene.—(a) Under influence of light. 
Trifluoropropene (9-60 g., 0-1 mole), sealed in a series of silica tubes with trifluoroiodomethane 
(29-4 g., 0-15 mole), was exposed to ultra-violet light at room temperature for 5 days. Reaction 
was soon apparent and continued steadily during the above period. Only a small amount of 
iodine was liberated in those tubes where the reaction products were shielded from direct 
radiation. Distillation of the combined products gave (1) fluoroform (0-30 g., 3%), b. p. ca. 

-80° (Found: M, 70. Calc. for CHF,: M, 70), (2) trifluoroiodomethane (13-8 g., 47%), 
b. p. —22° (Found: M, 196. Calc. for CF,I: M, 196), (3) 1: 1: 1-trifluoropropane (1-82 g., 
19%), (4) 1:1: 1:4:4:4-hexafluorobutane (0-46 g., 3%), b. p. 24—25° (Found: M, 165. 
Calc. for Cy,H,F,: M, 166), identical with that prepared below, (5) 1:1: 1:4: 4: 4-hexafluoro- 
2-iodobutane (19-1 g., 65%, based on trifluoropropene taken, 81% on trifluoropropene used), 
b. p. 87-5—88-0°, n? 1-371 (Found: C, 16-3; H, 1-0; I, 43-09%; M, 290. C,H,F,I requires 
C, 16-4; H, 1-0; I, 43-5%; M, 292), (6) 1:1: 1:6: 6: 6-hexvafluoro-2-iodo-4-trifluoromethyl- 
hexane (0-99 g., 5%), b. p. 76—78°/75 mm. (Found: C, 22-1; H, 1-6; I, 32-9. C,H,F,I requires 
C, 21-6; H, 1-5; I, 32-7%), and (7) higher polymers (0-2 g.). 

Trifluoroiodomethane and trifluoropropene have similar b. p.s (—22-5°, —22°), and were 
separated (fractions 2 and 3), after initial distillation, by treatment with chlorine and a small 
amount of aluminium trichloride in a sealed tube in the dark; the trifluoroiodomethane was 
unaffected by this treatment whereas the fluoropropane yielded 2 : 3-dichloro-1 : 1 : 1-trifluoro- 
propane, b. p. 76—-77°, the weight of which was used to estimate the amount of fluoropropene 
recovered. 

When trifluoroiodomethane (29-4 g.) and trifluoropropene (4:8 g.) were sealed in a 50-ml. 
silica tube, and the vapour phase was irradiated for 3 days with the liquid phase shielded from 
light, the 1: l-adduct, 1:1:1:4:4:4-hexafluoro-2-iodobutane [absorption spectrum in 
ethanol, Anax, 265 my (e 280); Amin, 230°5 mu (ec 84)] was formed in 98% yield. Only a faint 
colour of iodine was apparent, and fractions (1), (3), (4), (6), and (7) were absent. 

(b) Under influence of heat. Trifluoropropene (4-80 g.), in Carius tubes with trifluoroiodo- 
methane (14-7 g.), was heated to 225° for 36 hours in the absence of light. More iodine was 
liberated than in the photochemical reaction. Distillation of the combined product gave 
fluoroform (0-05 g., 1%) (M, 70), trifluoroiodomethane (5-9 g., 40%) (M, 196), 1: 1: 1-trifluoro- 
propene (0-2 g., 4%), 1:1:1:4:4:4-hexafluorobutane (0-12 g., 1%), b. p. 22—26°, 
1:1: 1:4:4: 4hexafluoro-2-iodobutane (9-93 g.; 68% based on trifluoropropene taken, 71% 
on trifluoropropene used), b. p. 88—88-5°, nj? 1-369, 1:1: 1: 6:6: 6-hexafluoro-2-iodo-4- 
trifluoromethylhexane (1-07 g., 11%), 1:1: 1:8: 8: 8-hexafluoro-2-iodo-4 : 6-bistrifluoromethyl- 
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octane (0-32 g., 4%), b. p. ca. 90°/5 mm. (Found: C, 25-0. Cy H,F,,I requires C, 24-89%), 
higher polymer (0-2 g.), and (9) 1:1: 1:4:4:4-hexafluorobut-2-ene (0-1 g.). The trifluoro- 
iodomethane and trifluoropropene were separated as described earlier. 

Dehydroiodination of 1:1:1:4:4: 4-Hexafluoro-2-iodobutane.—Cold 10% alcoholic 
potassium hydroxide (10% excess) was slowly run into the 1: l-adduct from the 
CF,I-CF,*CH—CH, reaction (2-91 g.) dissolved in ethanol (5 ml.) in a 20-ml. flask cooled to 10° 
and fitted with water-condenser and rubber connection to traps cooled in liquid air. After 
20 minutes the flask was allowed to warm to 25°, then excess of 20% hydrochloric acid was 
added. No unchanged hexafluoroiodobutane formed as a lower layer. The volatile products 
in the flask were swept into the liquid-air traps by a stream of nitrogen and were then fractionated 
in vacuo, to give trans-1: 1:1: 4:4: 4-hexafluorobut-2-ene (1-56 g., 95%), b. p. 85° (Found : 
C, 29-7; H, 18%; M, 164. C,H,F, requires C, 29-3; H, 1-2%; M, 164). A compound, b. p. 
33-2°, believed to be the cis-isomer has been described by Henne and Finnegan (/oc. cit.). 

Oxidation and Hydrogenation of trans-1:1: 1:4: 4: 4-Hexafluorobut-2-ene.—The oletin 
(1-0 g.) was oxidised with alkaline permanganate as described earlier (J., 1950, 2789). The 
volatile products were carefully examined and fluoroform and hexafluoroacetone were absent. 
The trifluoroacetic acid formed was converted into the amide, m. p. 74°, corresponding to 
1-7 mols. of acid per mol. of fluorobutene. Some fluoride ion was formed by the oxidation. 

When treated with excess of hydrogen in the presence of Raney nickel at 80°/10 atm., 
twans-1:1:1:4:4: 4-hexafluorobut-2-ene was converted quantitatively into 1:1: 1:4:4:4- 
hexafiuorobutane, identical with that obtained from the cis-isomer (see below). 

Addition of Bromine and of Chlorine to trans-1: 1:1: 4:4: 4-Hexafluorobut-2-ene.—The 
butene (1-23 g.), prepard by the method given above, was sealed in a Carius tube with a slight 
excess of bromine. After irradiation with ultra-violet light for 1 hour, the product was distilled 
over mercury, to give 2: 3-dibromo-1:1:1:4:4: 4-hexafluorobutane (1-96 g., 82%), b. p. 
60°/120 mm., ca. 118°/760 mm. (Found: C, 15-1; H, 0-9. C,H,Br,F, requires C, 14-8; H, 
0-6%). 

Treatment of the butene (1-23 g.) with a slight excess of chlorine, with irradiation for 
15 minutes, gave 2 : 3-dichloro-1: 1:1: 4:4: 4-hexafluorobutane (1-40 g., 79%), purified in the 
vacuum system, b. p. (micro) 78° (Found: C, 20-8; H, 0:8%; M, 231. C,H,Cl,F, requires 
C, 20-4; H, 08%; M, 235). 

Dehydrohalogenation of 1:1:1:4:4: 4-Hexafluoro-2 : 3-dihalogenobutanes.—A 5% excess 
of 10% alcoholic potassium hydroxide, cooled to 0°, was added slowly to a stirred solution of 
2: 3-dibromo-1:1:1:4:4:4-hexafluorobutane (3-22 g.; prepared as described above) in 
alcohol (3 ml.) at 5°, under a water condenser and with rubber connections to a trap cooled in 
liquid air. After 1 hour the material was heated at 40° and then at 70° for 10 minutes, cooled, 
and treated with excess of 20% sulphuric acid. The lower layer, washed with water, dried 
(phosphoric oxide), and distilled, gave 2-bromo-1: 1:1: 4:4: 4-hexafluorobut-2-ene (1-41 g., 
58%), b. p. 55° (Found: C, 19-5; H, 0:8%; M, 240. C,HBrF, requires C, 19-7; H, 0-4%; 
M, 243), and a small residue of unchanged starting material. 

Similar treatment of 2 : 3-dichloro-1 : 1: 1: 4:4: 4-hexafluorobutane (2-40 g.) gave 2-chloro- 
1:1:1:4:4: 4-hexafluorobut-2-ene (1-61 g., 80%), b. p. 34:5—35-5°, n® 1-298 (Found: C, 
24:0; H, 03%; M, 195. Calc. for Cy,HCIF,: C, 24:2; H, 05%; M, 198-5). Henne, 
Hinkamp, and Zimmerschied (J. Amer. Chem. Soc., 1945, 67, 1907) report b. p. 34-4°, n? 1-2999. 

After removal of traces of bromo- and chloro-hexafluorobutenes from the liquid-air traps 
in the above experiments, the more volatile products were combined and distilled, to give 
1:1:1:4:4:4-hexafluorobut-2-yne (perfluorobut-2-yne) (0-4 g.) (M, 160), identical with a 
specimen prepared as described below. 

The dehydrohalogenation described above led to formation of fluoride ion in solution. 

Conversion of 1:1:1:4:4: 4-Hexafluoro-2-halogeno but-2-enes into 1:1:1:4:4: 4-Hexa- 
fiuorobut-2-yne.—When the 2-bromohexafluorobutene (3-61 g.) was treated with a 300°, excess 
of powdered potassium hydroxide at 10° and the temperature was then slowly raised to the 
b. p., the volatile product was 1:1: 1:4:4: 4-hexafluorobut-2-yne (1-64 g., 68%), b. p. —24° 
(Found: M, 162. Calc. for C,F,: M, 162). Henne and Finnegan (loc. cit.) report b. p. —24-7° 
to —24-5°. Fluoride ion, but no unchanged bromofluorobutane, was found in the reaction 
vessel. 

2-Chloro-1 : 1: 1: 4:4: 4-hexafluorobut-2-ene, similarly treated, gave perfluorobut-2-yne 
in 36% yield; 8°% of the unchanged chloro-compound was recovered from the liquid-air traps. 

In an alternative procedure, 2-bromo-1:1:1:4:4: 4-hexafluorobut-2-ene (2-00 g.) was 
treated with a slight excess of bromine in ultra-violet light, to give 2: 2 : 3-tribromo- 
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1:1:1:4:4:4-hexafluorobutane (Found: C, 12-1. C,HBr,F, requires C, 11-9%) as an oil, 
b. p. 79°/45 mm., ca. 163°/760 mm. (after removal of excess bromine and a trace of unchanged 
starting material in vacuo). To the tribromohexafluorobutane cooled in ice was added a slight 
excess of ice-cooled 10% alcoholic potassium hydroxide. After 30 minutes the temperature 
was raised to 30°, then to 50°, then an excess of 20% sulphuric acid was added. The lower layer 
was dried and distilled, to give 2 : 3-dibromo-1:1:1:4:4: 4-hexafluorobut-2-ene (2-07 g., 78%), 
b. p. 106°, n? 1-396 (Found: C, 149%; M, 318. C,Br,F, requires C, 149%; M, 322). The 
dibromohexafluorobutene (1-98 g.) was treated with zinc (20 g.) and absolute alcohol (60 ml.) 
with vigorous stirring under reflux for 4 hours, giving 1:1: 1:4: 4: 4-hexafluorobut-2-yne 
(0-90 g., 90%) (M, 162). 

Addition of chlorine to 2-chloro-1:1:1:4:4:4-hexafluorobut-2-ene (2-5 g.) similarly 
gave 2:2: 3-trichloro-1:1:1:4:4:4-hexafluorobutane (92%), b. p. 104°. Treatment of 
this with 10% alcoholic potassium hydroxide at 20° readily gave 2 : 3-dichloro-l1:1:1:4:4:4 
hexafluorobut-2-ene (see below) in 87% yield. Treatment with zinc and glacial acetic acid then 
gave the perfluorobutyne in 70% yield. 

Bromination and Chlorination of 1:1:1:4:4: 4-Hexafluorobut-2-yne.—In ultra-violet 
light, perfluorobutyne (1-61 g.) readily added bromine in the vapour phase, to give 2 : 3-di- 
bromo-1: 1: 1:4: 4: 4-hexafluorobut-2-ene (3-17 g., 98%), b. p. 105—106°, identical with the 
compound described earlier. 

Mild irradiation of perfluorobutyne (1-60 g.) and chlorine (0-71 g.) gave a quantitative yield 
of 2: 3-dichloro-l1:1:1:4:4:4hexafluorobut-2-ene, b. p. 68°, n} 1-344 (Found: M, 231. 
Calc. for C,Cl,F,: M, 233). Henne, Hinkamp, and Zimmerschied (loc. cit.) report b. p. 67-8°, 
n® 1-3459. 

Hydrogenation of 1:1:1:4:4: 4-Hexafluorobut-2-yne.—The butyne (2-45 g.) was sealed 
with hydrogen (1 mol. at 15 atm.) in the presence of Raney nickel catalyst (1 g.) and heated to 
60° for 3 hours. Distillation gave the cis-1:1:1:4:4:4-hexafluorobut-2-ene (91% yield), 
b. p. 33—33-5°, described by Henne and Finnegan (/oc. cit.). A small amount of 
1:1:1:4:4: 4hexafluorobutane, b. p. 25°, was also formed. 

cis-1: 1:1: 4:4: 4-Hexafluorobut-2-ene yielded 1:1: 1:4: 4: 4-hexafluorobutane in 
almost theoretical yield when heated to 50° with hydrogen (20 atm.) and Raney nickel. The 
hexafluorobutane, b. p. 24—25° (Found: C, 29-0; H, 2:8%; M, 165. Calc. for C,H,F,: C, 
28-9; H, 2:-4%; M, 166), was identical with that isolated from the reaction of trifluoroiodo- 
methane with trifluoropropene. 

Preparation and Dehydrohalogenation of 2-Bromo- and 2-Chloro-1:1:1:4: 4: 4-hexafluoro- 
butane.—The iodine atom in 1: 1:1: 4:4: 4-hexafluoro-2-iodobutane (2-31 g.) was replaced 
by bromine by treatment with a slight excess of bromine in the presence of ultra-violet light. 
The product was washed with water to remove iodine bromide, dried, and distilled over mercury, 
giving 2-bromo-1:1:1:4:4: 4-hexafluorobutane (1-57 g., 81%) b. p. 70° (Found: C, 19-5; 
H, 13%; M, 242. C,H,BrF, requires C, 19-6; H, 1-2%; M, 245). 

Similarly, treatment of the iodo-compound (2-31 g.) with chlorine gave iodine monochloride 
and 2-chloro-1:1:1:4:4: 4-hexafluorobutane (1-21 g., 76%), b. p. 51°, n# 1-298 (Found: C, 
23:7; M, 200. C,H,CIF, requires C, 23-9% ; M, 200-5). 

A slight excess of ice-cold 10% alcoholic potassium hydroxide was added to 2-chloro- 
1:1:1:4:4:4-hexafluorobutane (1-0 g.) in absolute alcohol (2 ml.), cooled in ice. The 
mixture was stirred and the temperature allowed to rise, volatile products passing through a 
water-condenser and being collected in a liquid-air trap. After heating to 50°, excess of 20% 
hydrochloric acid was added. No unchanged chloro-compound was found and the aqueous 
solution contained only a trace of fluoride ion. The volatile product (88% yield) was shown to 
be trans-1:1:1:4:4: 4-hexafluorobut-2-ene. 

The 2-bromohexafluorobutane (1-4 g.), similarly treated, gave an 85% yield of the trans- 
olefin. The b. p. of the combined product was 8—9°. 

Dehydroiodination of the 1:2- and 1: 3-Adducts of Trifluoroiodomethane and 3: 3: 3-Tni- 
fluoropropene.—A 5% excess of 10% alcoholic potassium hydroxide was run at 0° into a solution 
of 1:1: 1:6: 6: 6-hexafluoro-2-iodo-4-trifluoromethylhexane (0-6 g.y in absolute ethanol 
(1 ml.). After warming to 25°, the mixture was treated with excess of 10% hydrochloric acid, 
and the organic layer was separated and dried (phosphoric oxide). The 1: 3-adduct, 
1:1: 1:8: 8: 8-hexafluoro-2-iodo-4 : 6-bistrifluoromethyloctane (0-2 g.), was similarly treated. 
Infra-red spectroscopic examination in the 6-4 and 9-5—-15-y region indicated the presence of a 
trans--CH—CH: double bond in each case (weak band at 5-9 wand strong band at 10-3—10-4 y), 
and the absence of R,C—CH, (absence of strong bands at 6-0—6-1 and ca. 11-2). Fusion 
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with sodium showed that dehydroiodination had been complete. The unsaturated products 
were probably 1:1: 1:6: 6: 6-hexafluoro-4-trifluoromethylhex-2-ene and 1:1:1:8:8: 8- 
hexafluoro-4 : 6-bistrifluoromethyloct-2-ene. Each was oxidised by alkaline permanganate as 
described above and yielded trifluoroacetic acid, identified as the amide, m. p. 74°; fluoroform 
was not a product of reaction, and tests for ketones were negative. 

Spectra.—Infra-red spectra were determined on a Perkin-Elmer Double Beam Spectro- 
photometer Model 21 with sodium chloride optics. Volatile compounds were contained in a 
gas-cell, of length indicated, with sodium chloride windows. Pressures were measured to 1 mm. 
Ultra-violet spectra were taken with Beckman Model DU and Unicam Spectrophotometers. 

A. L. Henne and M. Nager report (personal communication) that they have recently added 
trifluoroiodomethane and bromotrichloromethane to trifluoropropene. 


The author acknowledges the technical assistance of R. D. Elsey and E. Liddell in the 
determination of the infra-red and ultra-violet spectra. 
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474. A New Apparatus for Studying the Evaporation of Water 
Through Monolayers. 


By F. Sessa and N. SUuTIN. 


An apparatus has been developed for investigating the effect of mono- 
layers on the rate of evaporation of water into an atmosphere at low pressure. 
The technique, which has proved more sensitive than earlier methods, has 
revealed that the critical surface pressure at which the resistance to evaporation 
of stearic acid first becomes appreciable is very close to the surface pressure 
at which the film becomes relatively incompressible. On the other hand, a 
film of cholesterol, though it becomes incompressible at very low surface 
pressures, does not affect the rate of evaporation of the substrate. 


SEBBA and Briscoe (J., 1940, 106) reported an investigation into the effect of monolayers, 
spread on a water substrate, on the rate of evaporation of the water. They allowed the 
water to evaporate into a stream of initially dried air passed over the surface under con- 
trolled conditions. This method, though satisfactory for comparative purposes, did not 
lend itself to determination of absolute measurements of rates of evaporation. A simpler 
technique was used by Langmuir and Schaefer (J. Franklin Inst., 1943, 235, 119) who 
supported a drying agent just above the water surface and measured its increase in weight. 
Since both methods entailed evaporation into air at atmospheric pressure, they might have 
obscured effects which would be revealed if the rate of evaporation were increased by use 
of a partial vacuum. 

Rideal (J. Phys. Chem., 1925, 29, 1585) found that the rate of evaporation of water in a 
vacuum from one leg of an inverted U-tube at 25° into the other leg at 0° was reduced by 
28% by stearic acid held at its equilibrium pressure. Unfortunately this technique does 
not lend itself to control of the surface pressure of the monolayer, a factor that Sebba and 
Briscoe showed to be of critical importance. An apparatus was, therefore, designed to 
study the rate of evaporation into an atmosphere at low pressure, while at the same time 
enabling the surface pressure to be controlled and recorded. 


EXPERIMENTAL 


The apparatus (Fig. 1) consisted of a steel vacuum-chamber 36 x 18 x 18”, with a removable 
face that could be bolted on to give an air-tight box and had a “‘ Perspex ”’ window 12 x 12 x 
}” supported by two steel struts 1” wide and 3” apart, as well as a removable steel door 12 x 
12 x }”. This door, supported by a frame }” wide, could be sealed in position with plasticine. 
A was a small glass window 2 x 6 x }” through which a beam of light was focused on toa 
mirror B, attached to the arm of the surface balance C of the Wilhelmy type (Harkins and 

7Y 











2514 Sebba and Sutin: A New Apparatus for Studying the 


Anderson, J. Amer. Chem. Soc., 1937, 59, 2189). The reflected beam emerged through the same 
window on to a scale D, situated 1 m. from the balance. 

A copper tube E, 1” in diameter, closed at the bottom and passing through the top of the 
chamber, was held a few cm. above the water surface by means of a rubber disc which formed a 
seal as soon as the pressure inside the box was reduced. It was cooled by being filled with solid 
carbon dioxide—alcohol and the water which had evaporated condensed on its outer surface F. G 
provided access to the pumping unit through traps, and H access to a manometer. Once the 
vapour had condensed on the freezing-tube, air could be admitted quickly into the chamber 
through tap J. 

The Langmuir—Adam trough J stood in a larger tray K, which collected any water which 
overflowed during the sweeping of the surface. In order to control the area from which 
evaporation was being measured, a glass slab N was supported 1 mm. above the water surface. 
It was always moved close up behind the chromium-plated barrier used to control the surface 
pressure of the film. The temperature of the water was kept at 20° by circulation of water 
from a thermostat at 24° through the glass coil P. 
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The final pressure in the chamber should be as low as possible but was limited by the vapour 
pressure of water, since if the water boiled freely in the trough, the film would be disrupted. On 
the other hand if the pressure was too high, the convection currents produced when the tube E 
was cooled froze the water directly under the tube. A pressure of 35 mm. was low enough to 
reduce convection effects to negligible dimensions. Evacuation took approximately 90 
minutes. 

When the desired pressure had been reached, the pump was disconnected and the freezing- 
mixture was poured into the tube E. Water vapour was allowed to freeze on the cold tube for 
a determined time (270 seconds) and then air was let into the chamber as rapidly as possible 
(30 seconds). This decreased the rate of condensation of the water and, as the experiments were 
carried out under strictly standardised conditions, the error introduced by letting in the air was 
minimised. The copper tube with its adherent deposit of snow was transferred to an apparatus 
where the weight of the condensed water was determined by distilling the deposit under reduced 
pressure into a tared trap (— 80°) and a guard tube containing anhydrone. Approx. 4—5 g. of 
water were collected. 

The amounts of water evaporated in 300 seconds at 35 mm. from a clean water surface were 
determined with the glass slab N exposing various areas of the water surface. Plotting the 
weight of water collected against the area of surface exposed gave a straight line (Fig. 2). If no 
water surface was exposed, 3-12 g. of water were condensed; this corresponds to the saturation 
vapour content of the chamber, being the amount of water vapour present in the chamber at the 
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instant when the freezing mixture was poured into the copper tube, and it was condensed in 
addition to the water which subsequently evaporated. In estimations of the amount of evapor- 
ation from the surface, this weight of water had to be subtracted from the total weight of water 
collected. 


RESULTS 


The choice of a suitable film-forming substance revealed the defect of the apparatus in 
its original dimensions, since owing to the solubility of the film in the water substrate 
(Sebba and Briscoe, J., 1940, 114) there are few monolayers which can be kept at a constant 
surface pressure for 90 minutes, the time required for the evacuation of the chamber. 
However, stearic acid has some measure of stability (a pure sample prepared by the hydro- 
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genation of oleic acid was kindly presented by Dr. H. M. Schwartz of the South African 
C.S.I.R.).. This was spread from solution in benzene (shown to be completely free from 
surface-active contaminants). 

Two series of experiments were made. In one case, the substrate was a buffer of 
pH 7 (1-1 g. of borax and 11-6 g. of boric acid per 1.), in the second it was 0-01N-hydro- 
chloric acid. The film was much less soluble, and maintained a steady surface pressure on 
the latter substrate. 

The surface pressure recorded was that at the time of condensation of the water vapour. 
By return to the trough of all the water which had condensed in the traps during the 
evacuation of the chamber, the surface pressure was corrected for the decrease in the 
level of the water in the trough. As the Wilhelmy type of surface balance is very sensitive 
to changes of contact angle, the angle was visually examined to ensure it was zero (a small 
light inside the box enabled a change in contact angle to be observed; it usually only 
occurred at high surface pressures, and was due to the build-up of films on the glass slide). 
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If the weight of water collected in a given time with a film on the surface was g,, then 
(¢g — 3-12) was the true weight evaporated (cf. above). Similarly, g,, the quantity of 
water evaporated in the same time from the same area of a clean water surface was obtained 
from the graph (Fig. 2) and the corrected weight was (g, — 3-12). The value Q = 
100(¢2 — 3-12)/(¢, — 3-12) was determined at different surface pressures. 

Fig. 3 shows the variation of Q with surface pressure for stearic acid, (I) on buffer of pH 7 
and (II) on 0-01N-HCI, and (III) (for comparison) the curve obtained by Sebba and Briscoe 
(loc. cit.). Too much significance should not be attached to the difference between (I) and 
(II) at the higher surface pressures. This may, in part, be explained by the fact that in 
case (I) the stearic acid film was gradually dissolving and, therefore, the surface pressure 
recorded may have been a few dynes higher than the true surface pressure. This is due to 
the inherent weakness of the Wilhelmy balance, that though it records accurately when the 
contact angle is receding, 7.e., if the surface pressure is being increased, it is unreliable when 
the contact angle is advancing. What is significant is the difference between these curves 
and curve (III), because a small but definite lowering of Q, even at low surface pressures, 
is observable. This was not observed by Sebba and Briscoe and is an indication of increased 
sensitivity of the new technique. 

There is a marked change in evaporation resistance at a surface pressure of about 
15 dynes/cm., and at almost the same point in curves (I) and (II). This is approx. the 
surface pressure at which the stearic acid becomes relatively incompressible. Sebba and 
Briscoe pointed out that their stearic acid first showed marked evaporation resistance at a 
surface pressure significantly in excess of the pressure at which the stearic acid becomes 
incompressible. They were unable to explain this, but it was probably due to lack of sen- 
sitivity of their method. It now appears that the point of incompressibility is closely 
related to increased evaporation resistance. 

Rideal found that a film of stearic acid at its equilibrium pressure reduced the rate of 
evaporation of water into a vacuum by 28-1%. The equilibrium pressure of stearic acid is 
20 dynes/cm. and it will be seen from Fig. 3 that at a surface pressure of 20 dynes/cm., 
Q is 78%, corresponding to a 22% reduction, in reasonable agreement with Rideal’s results 
which were obtained at 25°. 

The apparatus was used to resolve a controversy regarding films of cholesterol. Lang- 
muir and Schaefer (J. Franklin Inst., 1943, 235, 119) found that monolayers of cholesterol 
decreased the rate of evaporation of water by about 30%, even at surface pressures con- 
siderably lower than the equilibrium pressure (38 dynes/cm.). On the other hand, Sebba 
and Briscoe could not detect such retardation, even at pressures of 35 dynes/cm. By using 
our more sensitive technique, it was found that a film of cholesterol at its equilibrium 
pressure did not produce any detectable retardation of evaporation, in spite of the fact 
that cholesterol gives a condensed film. This indicates that incompressibility is not the 
only factor in determining the effect of films on the rate of evaporation. 


The authors acknowledge with thanks a grant from the Staff Research Fund for the 
construction of the apparatus, as well as a bursary from the Council for Scientific and 
Industrial Research to one of them (N.S.). They also thank Professor W. Pugh for the 
facilities granted. 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF CAPE TOWN. (Received, December 21st, 1951.) 











[1952] Eley and King. 2517 


475. The System Benzene-Hydrogen Bromide—Aluminium Bromide. 
Part I. 


By D. D. Evey and P. J. Kine. 


There is no interaction between hydrogen bromide and aluminium bromide 
in the absence of benzene, whereas aluminium bromide alone forms an 
ideal solution of Al,Br, molecules in benzene. The ternary system HBr— 
Al, Br,-C,H,, on the other hand, shows a profound interaction of its com- 
ponents. Two liquid phases are formed in thermodynamic equilibrium with 
solid Al,Br, (if present) and gaseous hydrogen bromide. The upper liquid 
phase is weakly ionised, the lower “ red oil ’’ phase strongly ionised. The two 
liquid phases do not vary greatly in composition or conductivity with increase 
in pressure of hydrogen bromide, the composition of the lower phase being very 
approximately Al,Br,,HBr,6C,H,. This phase probably has more of the 
character of a “‘ molecular coacervate’”’ than that of a compound. With 
increase in hydrogen bromide pressure or decrease in temperature, in the 
absence of solid Al,Br,, the lower phase grows at the expense of the upper. 
There is no evidence for the formation of HAIBr,, even in the presence of 
benzene. The nature of the ions and their organisation in the red oil are being 
further studied. 


FREEZING-POINT (Ulich, Z. physikal. Chem., A, Bodenstein Festband, 1931, p. 423) and 
solubility data (Eley and King, Trans. Faraday Soc., 1951, 47, 1287) establish that 
aluminium bromide-benzene constitute an ideal solution of Al,Brg molecules. Further 
evidence is the additivity of molar refractivities (Korshak, Lebedev, and Fedoseev, 
J. Gen. Chem. U.S.S.R., 1947, 17, 575; Chem. Abs. 1948, 42, 1217). A tendency to 
form C,H,,AlBr, is shown by a dissociation into monomer at high dilution (mole fraction 
<0-001) and by the formation of a solid phase of this composition in equilibrium with 
solution below 37° (for refs. see Eley and King, Joc. cit.). In this paper we extend these 
studies to the ternary system hydrogen bromide-aluminium bromide—benzene. In the 
first place we have shown that there is no tendency to form HAIBr, from the two pure 
components, under what are probably the most favourable conditions. The same con- 
clusion for hydrogen chloride and aluminium chloride was recently reached by Brown and 
Pearsall (J. Amer. Chem. Soc., 1951, 78, 4681) and by Richardson and Benson (7bid., p. 
5096). Fontana and Herold (ibid., 1948, 70, 2883) found no appreciable interaction between 
hydrogen bromide and aluminium bromide in #-butane or »-hexane. In fact, the presence 
of aluminium bromide slightly decreased the solubility of hydrogen bromide in these 
solvents. The situation is quite different with benzene as solvent, as was first 
shown by Gustavson (Ber., 1878, 11, 2151; J., 1879, 36, 308, and subsequent 
references). This author reported the formation of orange oils, with formule such as 
Al,Br,,6C,H,, in the presence of hydrogen bromide. Menschutkin (J. Phys. Chem. Soc., 
Russia, 1909, 41, 1089; Chem. Zentr., 1910, 14, 167) emphasised that hydrogen halide or 
moisture must be present to form the orange oil, which separated as a second liquid phase 
with a composition varying somewhat with temperature. His view that there was not 
formed a compound of definite composition agrees with that advanced here. Norris 
and Ingraham (J. Amer. Chem. Soc., 1940, 62, 1298) found hydrogen halide essential for 
complex formation, and isolated crystalline complexes with the alkylated benzenes. Ina 
brief reference to benzene, they note the formation of an easily dissociable complex of 
variable composition, approximating to Al,Br,,6C,H, plus a little HBr, but no crystals 
were obtained. Wohl and Wertyporoch (Per., 1931, 64, 1357) have investigated the 
electrical conductivity in thissystem. Thus in taking up the study of the system benzene— 
aluminium bromide we have been concerned to extend this work, using modern high- 
vacuum technique. The system would seem to have several advantages over xylene- 
hydrogen chloride—aluminium chloride, for which Dilke, Eley, and Perry (Research, 1949, 2, 
538) obtained rather indefinite results. 
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EXPERIMENTAL 


Apparatus.—The experiments involved the breaking of an ampoule containing aluminium 
bromide in the presence of the other components, introduced into the system in known amounts. 
In the first instance vapour-pressure measurements were made with a mercury manometer. 
Later, measurements were made of electrical conductivity. The basic vacuum system used is 
shown in Fig. 1. 

Aluminium bromide was prepared and introduced into sealed fragile ampoules as described 
previously (Eley and King, Joc. cit.). An ampoule was placed in the bottom of reaction vessel A, 
the stirrer-breaker B carefully inserted, and the reaction vessel sealed off at C. The top of the 
stirrer-breaker B contained a sealed-in piece of soft iron, so that it could be magnetically operated 
in the usual way. The mercury U-tube D served both as a cut-off and a manometer for measuring 
the pressure of the contents of the reaction vessel. Chemical attack of hydrogen bromide on the 
mercury was negligible. Benzene was kept over phosphoric oxide in tube E. A definite amount 
could be distilled into the reaction vessel by cooling the latter in liquid air. The whole system 
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could be evacuated to 10°* mm. Hg through tap 1. Known amounts of hydrogen bromide 
could be admitted via taps 4, 3, and 2, and the calibrated volumes G and F. Liquid hydrogen 
bromide was stored in the trap H, cooled in a solid carbon dioxide—methanol slurry. It was 
introduced into bulbs F and G at its equilibrium vapour pressure. It was necessary to allow 
adequate time for the liquid hydrogen bromide to reach its equilibrium vapour pressure. A 
bulb-full of hydrogen bromide could then be transferred to the reaction vessel A by cooling the 
latter in liquid air. All pressure measurements in a given series were carried out at a constant 
reaction vessel volume, the mercury in D always being raised to a fixed point on the left-hand 
limb. The volume was calibrated from the pressure developed by a known amount of hydrogen 
bromide admitted to the evacuated reaction vessel, containing only the stirrer and the sealed 
ampoule of aluminium bromide. A water-bath was used to keep the vessel A at 15°+0-1°, 
and for purposes of calculation the rest of the tubing was assumed to be at 20°. 

Materials—Benzene and aluminium bromide were prepared and purified as described 
earlier (Eley and King, loc. cit.). 

Hydrogen bromide was prepared by hydrolysis of phosphorus tribromide in vacuo in vessel J. 
The hydrogen bromide was frozen out in the first trap in liquid air, evacuated, and then purified 
by several distillations from a trap cooled in solid carbon dioxide—methanol to one cooled in 
liquid air. The residue was discarded each time. The hydrogen bromide was then stored in 
H, cooled with solid carbon dioxide—methanol. Its vapour pressure was 402 mm. at —78°, 
in agreement with the value in International Critical Tables. 
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Analysis.—Aluminium was determined gravimetrically, by using 8-hydroxyquinoline, 
bromide volumetrically with silver nitrate (eosin as indicator), and benzene by difference. 

Hydrogen Bromide—Aluminium Bromide.—Two experiments were made in which hydrogen 
bromide was condensed on to 1 g. of aluminium bromide at — 78°. In the first instance, successive 
doses were admitted from bulb G, each corresponding to 1-411 g. and, in the second, successive 
doses from bulb F, each corresponding to 0-1096 g. In all cases the vapour pressure remained 
at the value of 402 mm. characteristic of the pure hydrogen bromide. There was no visual 
evidence of solution, and the hydrogen bromide at the end could be distilled off, leaving the 
aluminium bromide unchanged. It is concluded that an HAIBr, complex is not formed even 
under conditions of temperature which would be expected to be especially favourable for its 
formation. There was no evidence either for interaction between solid Al,Br, and gaseous 
hydrogen bromide at room temperature. 

Hydrogen Bromide—Aluminium Bromide—Benzene.—A number of experiments were made in 
which doses of hydrogen bromide were admitted to (a) pure benzene and (b) benzene plus 
aluminium bromide, and pressure measurements were taken. In the first case the amount dis- 
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solved was calculated from known pressures and volumes, and it was found that Henry's law 
was obeyed, the slope of the curve relating pressure to the amount of gas in solution corre- 
sponding to 1-4 x 10 g. of hydrogen bromide per g. of benzene per mm. Hg pressure of 
hydrogen bromide at 15°. This is in reasonable agreement with previous workers. Expt. 
16 (P = 2) in Fig. 2 shows the type of behaviour observed as a plot of pressure against number of 
additions of hydrogen bromide admitted. The initial pressure for zero dosage is the vapour 
pressure of benzene. The slight initial curvature of the graph at low pressures is to be attributed 
to lack of attainment of complete solution equilibrium. Several experiments of type (b) were 
made with a small Al, Br, : C,H, ratio, where all the aluminium bromide was initially in solution. 
Expt. 16’ (P = 3) in Fig. 2 is an example of this, with 2-667 g. of benzene and 2-01 g. of alu- 
minium bromide. Other experiments were made with an excess of aluminium bromide so that 
solid Al,Br, phase was present, Expt. 14 being an example, with 1-355 g. of benzene and 2-193 g. 
of aluminium bromide. , 

The general phenomena observed on addition of hydrogen bromide to a solution of 
aluminium bromide in benzene, in the absence of solid aluminium bromide, are as follows. The 
solution first becomes yellow, and when a certain pressure of hydrogen bromide is exceeded 
the solution separates into two phases.* The upper phase is a clear yellow, while the lower 


* The value of the pressure depends on the concentration of aluminium bromide. In a saturated 
solution, with solid aluminium bromide present, it is 18 mm. at 15° and 44 mm. at 22-5°. 
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phase is a clear orange-red. As more hydrogen bromide is added the lower layer increases in 
volume at the expense of the upper. The effect is reversible in that pumping off the gas leads to 
a decrease in volume of the lower layer and an increase in volume of the upper layer. Con- 
tinued pumping leads to complete removal of all hydrogen bromide and benzene in agreement 
with Norris and Ingraham (loc. cit.). The aluminium bromide left is slightly discoloured by 
impurity to an extent depending on the age of the red oil. A number of analyses were carried 
out on the lower layer under various conditions of formation, hydrogen bromide pressure, etc., 
the extreme values for analysis being: Al, 3-6—6-6; Br, 48-3—55-8; C,H,, 49-1—37-6% (Calc. 
for Al,Br,,HBr,6C,H,: Al, 5-0; Br, 51-7; C,H,, 43-2%). 

A typical figure for analysis of the top layer is Al, 0-46; Br, 9-44; C,H,, 90-1%. This 
corresponds to a dilute solution of aluminium bromide in benzene—hydrogen bromide, where 
the Br concentration is close to that expected from the Henry-law constant for pure benzene, 
namely, Br 5-2% (the experimental Br concentration in excess of that in the dissolved aluminium 
bromide is 537%). 

Electrical conductivity. The electrical conductivity of the system was determined in the 
conductivity cell shown in Fig. 3, with a Cambridge conductivity bridge, down to 3 x 10-5 
mho, and below this with standard resistors in conjunction with a valve voltmeter. The cell 
was attached in place of the previous reaction vessel to the vacuum system shown in Fig. 1. 
It was designed so that the electrode system could be raised and lowered magnetically, so 
as to take the conductivity successively of both the upper and the lower layer, and so that 
the system could be stirred to afford equilibrium with the gas phase. The measurements were 
made at 15°+0-1°. All substances were introduced and manipulated after initial evacuation 
of the system with rigid exclusion of air and water vapour. The cell constant was 0-9. 

The specific conductivity of a solution of 3-375 g. of aluminium bromide in 5-672 g. of benzene 
was found to be 3 x 10° mho. Hydrogen bromide at 402 mm. pressure was introduced into the 
system in 50-c.c. portions. After one such addition a trace of lower phase separated; the 
specific conductivity of the upper phase was 1-9 x 10-5 mho. With successive introductions 
the volume of the lower phase increased at the expense of the upper, the total volume remaining 
constant. Over the whole range the specific conductivity of the upper phase was constant at 
1-9 x 10-5 mho, and that of the lower phase constant at 1-0 x 10-? mho. 

After five such additions of hydrogen bromide, the total pressure in the system was 121 mm., 
and the reaction vessel was immersed in an oil-bath and slowly heated. As the temperature rose, 
so also did the equilibrium pressure, and the volume of the upper phase increased at the expense 
of the lower, until at 60° the lower phase had largely disappeared. At this point the upper 
phase had a pronounced reddish tinge, and a specific conductivity of 0-9 x 10“ mho. On slow 
cooling of the system, the changes were all reversed. The lower phase increased at the expense 
of the upper until at 15° it reached its original volume. The conductivities of the upper and the 
lower phase recovered their original values, and the pressure finally reached 127 mm. The only 
change was that the lower phase was slightly darker. 

In a separate experiment pure benzene was found to have an apparent specific conductivity 
of 2 x 10-* mho, and the value was not changed on dissolution of hydrogen bromide in it until 
the partial pressure of the latter was 106 mm. The true value for the specific conductivity of 
benzene is certainly much less than this, and probably less than the value of 1 x 10-1! reported by 
Wohl and Wertyporoch (oc. cit.). The value given here is to be regarded as the limiting value of 
our measuring apparatus, rather than that due to impurities in the benzene. The benzene used 
showed no colour on being sealed with pure aluminium bromide for several months, which is a 
very sensitive test for impurity, especially moisture. Our conductivity value for aluminium 
bromide must be regarded as only very approximate since it is so near the limiting value for 
the apparatus, so that its agreement with the figure of 3 x 10 reported by Wohl and Wertyporoch 
(loc. cit.) is probably fortuitous. Wohl and Wertyporoch report a value of 10-* for the red oil, 
which agrees with ours. 

A single experiment was made with a solution of 3-2 g. of aluminium bromide in about 
3-0 g. of n-hexane (from B.D.H.), not specially purified. The conductivity of ca. 10° mho 
was unchanged on addition of hydrogen bromide, and there was no separation into two phases, 
as is to be expected from the work of Fontana and Herold (J. Amer. Chem. Soc., 1948, 70, 2883). 

Stability of the lower phase. If some of the lower red phase is sealed in an ampoule in vacuo 
it becomes black during a few days. Irreversible changes obviously take place, independently of 
the presence of any impurity. In the absence of hydrogen bromide, we have found it possible 
to keep aluminium bromide—benzene mixtures indefinitely in sealed ampoules without 
coloration (Eley and King, Trans. Faraday Soc., 1951, 47, 1287). 
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DISCUSSION 


We conclude from the foregoing results that, while in the system C,H,-HBr-Al,Br, 
the interaction of any two components separately is of a mild physical nature, #.e., involves 
only van der Waals and polarisation forces, in the ternary system a much more profound 
interaction occurs, involving the ionisation of covalent bonds. This may be classed as 
chemical in nature, and nothing similar is noted if benzene be replaced by a saturated 
hydrocarbon such as n-hexane (Fontana and Herold, loc. ctt.). As is well known, 
two liquid phases are formed, and we have shown that the red oil, or lower red 
phase, is in thermodynamic equilibrium with all the other phases present, i.¢., upper 
liquid phase, gas, and excess of solid (if any). This follows from the possibility of 
reversing the process of formation by lowering the partial pressure of hydrogen bromide, 
or by raising the temperature. That the presence of hydrogen bromide is essential for 
formation of the red oil is in agreement with the results of Norris and his co-workers (J. 
Amer. Chem. Soc., 1939, 61, 1167; 1940, 62, 1298, 1428). The position is complicated by 
the tendency for the red oil to become black, obviously owing to side-reactions, when kept 
even in sealed tubes. It has not been found possible to isolate a crystalline complex from 
the red oil, which has a composition varying somewhat with conditions, around 
Al,Br,,HBr,6C,H,; an oil of this composition was reported by Norris and Ingraham 
(loc. cit.) and Korshak, Lebedev, and Fedoseev (loc. cit.). It is noteworthy that there is no 
analytical evidence for the presence of HAIBr, in this lower red phase, or for that matter 
in the upper phase where the amount of hydrogen bromide dissolved by a solution of 
aluminium bromide in benzene is almost the same as that dissolved by pure benzene. 

The thermodynamic reversibility of the system is also evident in that it obeys the phase 
rule. Thus, reference to Fig. 2 shows a portion of the graph where the pressure is constant, 
independently of the amount of hydrogen bromide added. Over this region four phases are 
present (solid aluminium bromide, two liquid phases, and vapour) and for a three-com- 
ponent system at constant temperature we should expect zero variance under these con- 
ditions. Where only three phases are present (no excess of solid) the pressure increases with 
the amount of hydrogen bromide added. 

Dilke, Eley, and Perry (Research, 1949, 2, 538) observed the slow formation of a red 
complex oil between aluminium chloride and xylene in the absence of added hydrogen 
chloride. This may have been due in part to the formation of hydrogen chloride in situ, 
since the system was not anhydrous in the sense used here. Probably also some of the 
irreversible side reaction noted above occurred. Aluminium chloride we now know to be 
rather unsuitable for work of this kind, since its high lattice energy and related low solubility 
in aromatic hydrocarbons serve to make any reaction of this kind very slow, even if hydrogen 
halide be present. Further, the aluminium chloride was commercial material purified by 
only two sublimations, and we have subsequently found (Eley and Watts, J., 1952, 1914) 
that at least eight sublimations are necessary for complete purification of this product. 

If the red oil is a definite compound, then experiment shows that its melting point must 
be lower than that of benzene. 

The highly conducting nature of solutions of this type was established by Wohl and 
Wertyporoch (Ber., 1931, 64, 1357). The conductivity data show that both aluminium 
bromide and hydrogen bromide in benzene are non-ionised. On addition of hydrogen 
bromide to aluminium bromide in benzene a weakly ionised system of x = 1-9 x 10° 
mho eventually results. At this concentration of ions the system becomes unstable and 
splits into a weakly ionised upper phase having x = 1-9 x 10°, and the lower “ red oil ”’ 
phase, which is strongly ionised, having x = 1-0 x 10°. Subsequent addition of hydrogen 
bromide causes little change in the composition of either phase, but merely causes the growth 
of the lower at the expense of the upper phase. This view accords with both analytical and 
conductivity data. 

The system shows some analogies to the phenol—water system, which also gives two 
liquid phases, but there are important differences. Increase of temperature with the 
phenol—water system causes the two phases to become more alike, with little change in 
relative volume, until at the critical solution temperature the two phases become identical. 
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In the case of aluminium bromide increase in temperature merely causes the upper phase to 
grow in volume at the expense of the lower, i.e., reverses the effect of increase in pressure. 
This may be due mainly to removal of hydrogen bromide from solution, its solubility in 
benzene decreasing with increase in temperature. 

The nature of the ions present in the lower phase requires further investigation, since 
the analytical data, suggesting a system of composition 1 Al,Br,: 1 HBr, tend to rule out 
HAIBr, and therefore H* and AIBr,~. 

The actual lower phase itself is reminiscent of a coacervate, the liquid phase which 
separates from the interaction of oppositely charged, highly solvated colloids. It may be 
similar in nature, a highly concentrated system of positive and negative ions which “‘ im- 
bibes ’’ a more or less definite quantity of solvate benzene. If so, it might properly be 
called a ‘‘ molecular coacervate,’’ so as to imply that the ions are of molecular rather than 
colloidal dimensions. We hope to subject the matter to further examination—X-ray 
diffraction experiments may perhaps assist at this point. The importance of the “ red oil ”’ 
lies in the probability that it forms the main sphere of reaction in many kinds of Friedel- 
Crafts catalysis. 


The authors thank the University of New Zealand for the award of a scholarship to P. J. K., 
and Mr. S. G. Yorke for design and construction of the conductivity cell. 
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476. The Uncatalyzed Reaction of Olefins with Acyl Chlorides. 
Part I. Reaction of 1: 1-Diphenylethylene.* 


By FELIx BERGMANN, SHALOM ISRAELASHVILI, and Dov GOTTLIEB. 


Since 1 : 1-diarylethylenes undergo substitution at the $-carbon atom by 
strongly polar reagents such as phosphorus pentachloride, oxalyl chloride, and 
thionyl chloride, we examined the condensation of 1: 1-diphenylethylenes 
with acyl chlorides. This reaction can be carried out only in the absence of a 
Friedel-Crafts catalyst. Condensation took place with the chlorides of 
benzoic, cinnamic, fumaric, and phenylacetic acid, but not with saturated 
aliphatic acyl chlorides, because the latter are not thermally stable. The 
structures of the various reaction products are discussed. 


CERTAIN strongly polar reagents cause substitution at the @-carbon atom of 1 : 1-diaryl- 
ethylenes; e¢.g., phosphorus pentachloride (E. Bergmann and Bondi, Ber., 1930, 63, 
1158; 1931, 64, 1455), oxalyl chloride (Kharasch, Kane, and Brown, J]. Amer. Chem. Soc., 
1942, 64, 333; F. Bergmann et al., ibid., 1948, 70, 1612), and thionyl chloride (Patai and 
F. Bergmann, ibid., 1950, 72, 1034) eliminate hydrogen chloride, giving CR,-CH-PCl,, 
CR,:CH-COCI, and CR,:CH*SOCI, respectively. It has now been found that certain acyl 
chlorides react similarly at high temperatures in the absence of a catalyst.t Aluminium 
chloride could not be used because it attacks the double bond, producing dimerization 
and subsequent cyclization (E. Bergmann and Weiss, Annalen, 1930, 480, 49; Schoepfle and 
Ryan, J. Amer. Chem. Soc., 1930, 52, 4021), and it also promotes nuclear acylation (cf. the 
analogous reaction with styrene; Ralston and van der Wal, U.S.P., 2,197,709/1940). 
It is however, known that the acylation of aromatic hydrocarbons can be carried out at 
high temperatures in the absence of a catalyst (e.g., benzoylation of naphthalene and 
anthracene; Nenitzescu, Isacescu, and Ionescu, Annalen, 1931, 491, 210). 

(1) When 1: 1-diphenylethylene and benzoyl chloride in a molar ratio of 1: 1-1 are 
heated to 190—200°, a slow reaction takes place, which can be followed semiquantitatively 
by titration of the hydrogen chloride removed in a current of nitrogen. After 30 hours, 
65% of the theoretical amount of hydrogen chloride was obtained, and the expected 


* Presented before the XIIth Congress of the International Union of Pure and Applied Chemistry, 
New York, September, 1951. + Patent pending. 
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product, 1-benzoyl-2 : 2-diphenylethylene, was isolated in about 50%, yield (cf. Vorlander, 
Osterberg, and Meyer, Ber., 1923, 56, 1139). Analogous reactions were observed with 
cinnamoyl chloride and fumaroyl chloride, the latter reacting only with one mol. of di- 
phenylethylene. 

(2) Similarly 1 : 1-diphenylethylene and phenylacety! chloride afforded two products: 
(a) white prisms, m. p. 141—142°, and (6) white rods, m. p. 136°. The first, resulting from 
condensation of the hydrocarbon with 2 moles of the acyl chloride, was converted by 
alcoholic potash into a ketone (I), and, as its absorption spectrum closely resembled that 
of 1: 1: 4-triphenylbutadiene (see Fig.), we regard it as the ester (II) of the enolic form 
(Ia) of the ketone (I), formed as follows : 
CPh,:CH, + CH,Ph-COC] —> CPh,!CH-CO-CH,Ph ==> 

(I) CH,Ph-COC1 
CPh,:CH-C(OH):CHPh omienaans CPh,°:CH-C(°CHPh)-O-CO-CH,Ph 
(Ia) ale. KOH (II) 

The absorption spectrum of the ketone (I) is different from that of (II), but the shoulder 
at 2230 A occurs at the same place as the first minimum in the spectrum of the enol ester 
(see Fig.), so the ketone is assumed to be in equilibrium with its enolic form in solution. 
This assumption was confirmed by measurement of the infra-red absorption spectrum of 
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(1) in carbon tetrachloride: besides the band at 1694 cm., due to the «$-unsaturated 
keto-group, a weak band occurs at 3390 cm."!, indicating the presence of a free hydroxyl 
group. From the relative intensities of the two bands it was estimated that about 10% 
of the enol form is present in the equilibrium mixture at room temperature. The enol 
ester (II) showed absorption at 1764 cm.", indicating the presence of an «$-vinyl ester 
(cf. Grove and Willis, J., 1951, 877, who give the frequency for such vinyl esters as 
1770 cm."}), 

The product (6) was 1 : 4-diphenylnaphthalene (III), presumably formed from (II) as 
follows : 


Ph 
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Alternatively, the enol (Ia) could undergo cyclization directly under the conditions of the 
experiment, but this cyclization did not occur when (I) or (Il) was heated either alone or in 
a stream of hydrogen chloride to 200°. 

If the hydrogen chloride is removed in a rapid current of inert gas, formation of (II) 
in preference to (III) is favoured, and increase of the proportion of phenylacetyl chloride has 
the same effect. On the other hand, (III) is favoured by accumulation of hydrogen 
chloride or by increase of temperature. 
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On hydrogenation of (II), 3 mols. of hydrogen were absorbed and one mol. of phenyl- 
acetic acid was set free. The product was identified as 1 : 1 : 4-triphenylbutane by a method 
to be described later. 

Experiments with the next higher homologue of phenylacetic acid, viz., §-phenyl- 
propionic acid, at 185° gave as the only product indan-l-one in small yield. Saturated 
aliphatic acyl chlorides (acetyl chloride or acetic anhydride ; lauroyl and stearoyl chloride) 
did not react with 1 : 1-diphenylethylene at temperatures below their thermal decomposition 
points. This work is being continued. 


EXPERIMENTAL 
M. p.s are uncorrected. 


Reaction of 1: 1-Diphenylethylene.—(1) With benzoyl chloride. A three-necked flask was 
equipped with gas inlet and outlet tubes, thermometer, and reflux condenser, the latter protected 
by a calcium chloride tube. 

A mixture of 1 : 1-diphenylethylene (18 g.; 0-1 mole) and benzoyl chloride (16 g.; 0-11 mole) 
was heated to 190—200°, while dry nitrogen was bubbled through. The gas was passed through 
a solution of 0-1N-sodium hydroxide, which was changed every hour for titration. During 30 
hours a total of 2-4 g. of hydrogen chloride was absorbed (65% of the theoretical amount). 
The mixture was now dissolved in ether and washed with 3% potassium hydroxide solution 
(2 x 50 ml.). The organic layer was dried, and the solvent distilled off. The residue from 
the ether crystallized on trituration with ethanol. From -propanol the 1-benzoyl-2 : 2-diphenyl- 
ethylene was obtained in lemon-yellow crystals (13 g., 46%), m. p. 88—89° (cf. Vorlander, 
Osterberg, and Meyer, Joc. cit.) (Found: C, 88-6; H, 5-4. Cale. for C,,H,,0: C, 88-7; H, 
5-6%). Its oxime crystallized from ethanol in yellow prisms, m. p. 142° (Dilthey and Last, 
J. pr. Chem., 1916, 94, 50). From the mother-liquor of the ketone a small amount of the open- 
chain dimer of 1 : 1-diphenylethylene (Bergmann and Weiss, Joc. cit.) was isolated (m. p. 118°). 

(2) With cinnamoyl chloride. The ethylene (6 g., 1/30 mole) and cinnamoy! chloride (b. p. 
146—148°/21 mm.; m. p. 35—36°; 10 g., 1/15 mole) in dry xylene (10 ml.) were heated at 
165—170° during 16 hours in a continuous stream of nitrogen. 1-2 g. of hydrogen chloride 
(100% of theoretical) were collected. The mixture was cooled, and dry ethanol (5 ml.) added 
to destroy the excess of cinnamoyl chloride. Solvents and starting materials were removed by 
vacuum-distillation, and the solid residue was recrystallized twice from ethanol. Yellow-brown 
prisms, m. p. 88°, were obtained (2 g., 20%). Analysis corresponds to 1: 1: 5-triphenyl- 
pentadien-3-one (Found: C, 88-7; H, 5-4. C,3H,,O requires C, 89-0; H, 5-8%). With 
2 : 4-dinitrophenylhydrazine this afforded a deep red colour but no crystals. 

(3) With fumaroyl chloride. 1: 1-Diphenylethylene (6 g., 1/30 mole) and fumaroyl chloride 
(5 g., 1/30 mole) in dry xylene (10 ml.) were refluxed at 147—149°. During 22 hours 1-2 g. of 
hydrogen chloride (100% of theoretical) were absorbed in the sodium hydroxide solution, and 
the colour of the mixture changed from orange to deep red. The starting materials were removed 
in vacuo, and the residue was dissolved in ether and extracted with dilute sodium carbonate 
solution. From the aqueous layer 4-keto-6 : 6-diphenylhexa-2 : 5-dienoic acid was precipitated 
by acidification with cold dilute sulphuric acid; it crystallized from dilute acetic acid in yellow 
needles (2 g., 22%), m. p. 128° (Found: C, 77:3; H, 5-3. C,,H,,0, requires C, 77-6; H, 5-0%). 
No crystalline neutral product could be isolated from the ethereal layer. The same acid was 
the only product when the mixture contained the ethylene and the acyl chloride in a molar 
ratio of 2-2: 1, no diketone being obtained. The acid did not respond to carbony] reagents. 

(4) With phenylacetyl chloride. (a) Under the same conditions as above a mixture of the 
ethylene (27 g., 0-15 mole) and phenylacetyl chloride (30 g., 0-2 mole) was heated at 195—200°. 
During 4 hours 5-4 g. of hydrogen chloride (100% of theoretical) were collected. The excess of 
starting materials was removed in vacuo, and the residue extracted with ice-cold ether. 

(i) The ether-insoluble residue crystallized from ethanol in colourless prisms, m. p. 141—142°. 
1:4: 4-Triphenylbutadien-2-yl phenylacetate (II) (Found: C, 86-3; H, 58%; sap. equiv., 
410. C,,H,,O, requires C, 86-5; H, 58%; sap. equiv., 416) was thus obtained in a yield of 
11 g. (18% on diphenylethylene, 27%, on phenacetyl chloride). In contact with concentrated 
sulphuric acid the crystals become green-yellow and dissolve slowly with a green-blue colour. 

(ii) The ethereal solution was washed with alkali, the solvent evaporated, and the residue 
fractionated. The fraction of b. p. 275°/3 mm. crystallized promptly on trituration with ethanol 
and acetone. 1: 4-Diphenylnaphthalene, recrystallized from ethanol, forms long colourless 
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needles (1-5 g.), m. p. 136—137° (Found : C, 94-2; H, 5-9. Calc. for C,,H,,: C, 943; H, 5-7%), 
unchanged in admixture with authentic hydrocarbon (cf. Weiss e¢ al., Monatsh., 1932, 61, 162; 
Allen and Gilman, J. Amer. Chem. Soc., 1936, 58, 939). 

(b) When the ethylene (8-5 g.) and phenylacetyl chloride (8 g.) were heated as before for 
8 hours, but without use of inert gas, 8 g. (60%) of 1 : 4-diphenylnaphthalene and only 0:3 g. 
(1-1%) of the enol ester (III) were isolated. 

(c) When 9 g. (0-05 mole) of 1 : 1-diphenylethylene and 17 g. (0-11 mole) of the acyl chloride 
were heated in a stream of nitrogen for 4 hours, the enol ester (III) was isolated in 48% yield 
(10 g.), and the naphthalene derivative in 3-5% yield (0-5 g.). 

Saponification of the enol ester (II). The ester (2-5 g.) was refluxed with N-ethanolic 
potassium hydroxide (10 ml.) for 2 hours. The solvent was evaporated, and the residue extracted 
with ether and purified by distillation. A yellow oil (1-7 g.), b. p. 183—185°/1 mm., was obtained, 
which crystallized as needles, m. p. 44° (Found: C, 88-3; H, 5-9. C,,H,,O requires C, 88-6; 
H, 60%). Benzyl 2:2-diphenylvinyl ketone (1) dissolves in concentrated sulphuric acid with 
a green-blue colour. Its semicarbazone crystallized from dilute ethanol in colourless prismatic 
needles, m. p. 166° (Found: N, 12-0. C,3;H,,ON, requires N, 11:8%). Its 2: 4-dinitrophenyl- 
hydrazone was obtained in two modifications, from dilute acetic acid as orange-red needles, 
m. p. 74° (Found: N, 11-7. C,,H,,O,N, requires N, 11-7%), and from glacial acetic acid as 
red needles, m. p. 156° (Found: N, 11-5%). 

Catalytic Hydrogenation and Hydrogenolysis of the Enol Ester (11).—The ester (2 g.) in ethanol 
(80 ml.) was reduced over Raney nickel at 19°/694mm. During 90 minutes 350 ml. of hydrogen 
were absorbed (Calc. for 2 double bonds: 252 ml.). The solvent was evaporated, and the oily 
residue dissolved in ether. The ether was extracted with a measured amount of 0-2N-sodium 
hydroxide, and the excess of base determined by back-titration (NaOH consumed: 23-2 ml. 
Calc. : 24ml.). The ethereal layer left an oily residue, which crystallized very slowly. 1:1: 4- 
Triphenylbutane crystallized from ethanol in glistening scales, m. p. 78—79° (Found: C, 92-4; 
H, 7:5. Cy gH. requires C, 92-3; H, 7-7%). 

Preparation of 1:1: 4-Triphenylbutadiene.—This compound, which had been prepared by 
Staudinger (Ber., 1909, 42, 4258) from diphenylketen and cinnamaldehyde, was synthetised 
by us as follows: A mixture of diphenylacraldehyde (8-5 g.), phenylacetic acid (5-5 g.), lead 
monoxide (4-9 g.), and acetic anhydride (6 ml.) was heated at 180° during 5 hours, then poured 
into boiling dilute acetic acid (10%), and the precipitate recrystallized twice from ethanol. 
1: 1:4-Triphenylbutadiene was obtained in long colourless needles (55%), m. p. 101—102° 
(Found: C, 93-7; H, 6-3. Calc. for C,.H,,: C, 93-6; H, 64%). It dissolves in concentrated 
sulphuric acid with an intense yellow colour. 


Ultra-violet absorption spectra were measured in 95% ethanol with a Beckman quartz 
spectrophotometer. We thank Dr. S. Pinchas, of the Weizmann Institute of Science, for the 
infra-red absorption measurements. 
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DEPARTMENT OF ORGANIC CHEMISTRY OF THE HEBREW UNIVERSITY, 
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477. Melanin and Its Precursors. Part V.* Synthesis of 5- and 
7-Hydroxyindole from Dihydroxyphenylalanines. 
By R. I. T. CRoMARTIE and JoHN HARLEY-MASON. 


Oxidation of 2: 5-dihydroxyphenylalanine or 2-(2 : 5-dihydroxyphenyl)- 
ethylamine with potassium ferricyanide gives 5-hydroxyindole in high yield. 
Similar oxidation of 2 : 3-dihydroxyphenylalanine gives 7-hydroxyindole in 
lower yield, whereas the methyl ester gives methyl 7-hydroxyindole-2- 
carboxylate. Oxidation of 2-(2 : 3-dihydroxyphenyl)ethylamine gives only 
ill-defined products. 


OXIDATION of 3: 4-dihydroxyphenylalanine at room temperature with potassium ferri- 
cyanide in the presence of sodium hydrogen carbonate gives 5 : 6-dihydroxyindole (Bu’Lock 
and Harley-Mason, J., 1951, 2248). As previously reported briefly (Harley-Mason, Chem. 


* Part IV, /., 1952, 1052. 
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and Ind., 1952, 173) we have now found that similar oxidation of 2 : 5-dihydroxyphenyl- 
alanine (I) (Neuberger, Biochem. J., 1948, 48, 599) gives 5-hydroxyindole (II) in 85% 
yield. No intermediate could be isolated, but it seems probable that the reaction follows 
the course indicated in the scheme. 


PVA 
oq ACO4H 
NH, 


Oxidation of 2-(2 : 5-dihydroxyphenyl)ethylamine also gives (II) in good yield. This 
amine had earlier been prepared by Buck (J. Amer. Chem. Soc., 1952, 54, 3661) and by Leaf 
and Neuberger (Biochem. J., 1948, 43, 606). We adopted a more convenient synthesis 
in which 2: 5-dimethoxy-$-nitrostyrene (Sugasawa and Shigehara, Ber., 1941, 74, 459) 
was reduced to the corresponding phenylethylamine with lithium aluminium hydride and 
this was then demethylated with hydrobromic acid. 

Oxidation of 2 : 3-dihydroxyphenylalanine (III) (Clemo and Duxbury, J., 1950, 1795) 
was next examined. In this case treatment with potassium ferricyanide and sodium 
hydrogen carbonate led to the formation of much dark insoluble material and it became 
apparent that the 7-hydroxyindole (IV) at first formed was very susceptible to further 
oxidation. 


¢ ycHo 55% Ojon fi 20% Oo 
— ee ae 


Me 


(III) (IV) 


Addition of an organic solvent phase (ethyl acetate) to the aqueous solution and stirring 
vigorously during the addition of the ferricyanide resulted in the extraction of the indole 
as it was formed, thus protecting it to some extent from further oxidation. By this means, 
yields of 20% were obtained. Similar oxidation of 2 : 3-dihydroxyphenylalanine methyl 
ester gave methyl 7-hydroxyindole-2-carboxylate in slightly better yield. 2: 3-Di- 
hydroxy-$-phenylethylamine (Buck, loc. cit.) was prepared from 2 : 3-dimethoxy-$-nitro- 
styrene as described above for the 2: 5-isomer. However, on oxidation, only traces of 
7-hydroxyindole could be detected and the major product was insoluble amorphous material. 

The syntheses of (II) and (IV) reported above give much higher yields than those 
described earlier (Bergel and Morrison, J., 1943, 49; Beer, Clarke, Khorana, and Robert- 
son, J., 1948, 1605), particularly in the latter case in which an overall yield of 11°% is ob- 
tained from the readily available o-vanillin. The difficulty in the earlier syntheses is the 
decarboxylation of the corresponding 2-carboxylic acids: this is avoided in our process, 
since decarboxylation of the quinonoid intermediates occurs spontaneously on rearrange- 
ment. 

The biogenetic significance of the oxidation of 2 : 5-dihydroxyphenylalanine has been 
discussed elsewhere (Harley-Mason, loc. cit.). 


EXPERIMENTAL 


5-Hydroxyindole.—(a) To a solution of 2 : 5-dihydroxyphenylalanine monohydrate (0-43 g.) 
and sodium hydrogen carbonate (0-2 g.) in water (15 c.c.), a solution of potassium ferricyanide 
(1-3 g.) and sodium hydrogen carbonate (0-3 g.) in water (20 c.c.) was added with stirring during 
10 minutes. The solution, which had at first darkened, subsequently became pale yellow and 
was then extracted with peroxide-free ether (3 x 20 c.c.), and the ethereal layer dried (Na,SO,) 
and freed from solvent. The residual 5-hydroxyindole (0-23 g., 85%) formed colourless needles, 
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m. p. 106—107°, from benzene-light petroleum (Found: C, 72-0; H, 5-4; N, 10-4. Calc. for 
C,H,ON: C, 72-2; H, 5-3; N, 10-5%). Beer et al. (loc. cit.) give m. p. 107°. Acetylation 
(acetic anhydride—pyridine in the cold) gave 5-acetoxyindole which formed plates (from light 
petroleum), m. p. 116—117° (Found: C, 68-6; H, 5-3. C,,H,O,N requires C, 68-3; H, 5-1%). 

(b) 2 : 5-Dimethoxy-{-nitrostyrene (5-5 g.) was placed in a small Soxhlet thimble and 
extracted under reflux into a solution of lithium aluminium hydride (3-8 g.) in ether (200 c.c.), 
beiling being continued for 6 hours. The resulting suspension was decomposed with a con- 
centrated solution of sodium potassium tartrate, the ethereal layer separated and dried, and the 
solvent removed. The residual oil, 2 : 5-dimethoxy-$-phenylethylamine (3-5 g., 87%), dis- 
tilled at 140°/2 mm. 

The amine (3 g.) was treated cautiously with hydrobromic acid (d 1-49; 20 c.c.) and the 
whole refluxed for 2 hours. The excess of acid was removed under reduced pressure and the 
residual gum crystallised on storage in a desiccator, giving the dihydroxy-amine hydrobromide 
which was recrystallised from ethanol-ether. 

The hydrobromide (0-47 g.) in water (20 c.c.) was shaken for 0-5 hour with freshly pre- 
cipitated silver chloride (2 g.). The mixed silver halides were filtered off and the solution was 
treated with potassium ferricyanide (1-3 g.) and sodium hydrogen carbonate (0-5 g.) and worked 
up as in (a) above, giving 5-hydroxyindole (0-19 g., 70%). 

7-Hydroxyindole.—2 : 3-Dihydroxyphenylalanine (2 g.) and sodium hydrogen carbonate 
(0-8 g.) were dissolved in water (400 c.c.), and ethyl acetate (250 c.c.) was added. The mixture 
was vigorously stirred mechanically while a solution of potassium ferricyanide (6-0 g.) and 
sodium hydrogen carbonate (1-8 g.) in water (200 c.c.) was added dropwise during 0-5 hour. 
To the resulting reddish-violet emulsion a little sodium dithionite was added, the colour then 
changing to pale buff. On centrifugation the emulsion separated readily; the ethyl acetate 
layer was dried (Na,SO,) and the solvent removed. The residual brown gum was recrystallised 
from light petroleum (b. p. 100—120°), giving 7-hydroxyindole (0-25 g., 20%), m. p. 97—98° 
(Found: C, 71-6; H, 5-5; N, 10-3%). Beer et al. (loc. cit.) give m. p. 96°. Working in more 
concentrated solutions caused a lowering of the yield. 

Acetylation (acetic anhydride—pyridine in the cold) gave 7-acetoxyindole which formed 
needles, m. p. 55°, from light petroleum (b. p. 40—60°) (Found: C, 68-6; H, 5-1%). 

Methyl 7-Hydroxyindole-2-carboxylate-—A suspension of 2: 3-dihydroxyphenylalanine 
(1-0 g.) in dry methanol was saturated with hydrogen chloride and then refluxed for 0-5 hour. 
The solvent was removed, leaving the methyl ester hydrochloride as a glass which could not be 
crystallised. The product was dissolved in water (50 c.c.), ethyl acetate (100 c.c.) added, and 
then a solution of potassium ferricyanide (3-1 g.) and sodium hydrogen carbonate (1-25 g.) in 
water (50 c.c.) was added dropwise during 0-5 hour with vigorous stirring. The resulting 
emulsion was worked up as described above for 7-hydroxyindole except that the product was 
recrystallised from benzene. Methyl 7-hydroxyindole-2-carboxylate formed small pale yellow 
prisms, m. p. 218—220° (decomp.) (Found: C, 62-9; H, 5-0. Cy, ,H,O,N requires C, 62-8; 
H, 4:7%). 

Hydrolysis of the ester with boiling 2N-sodium hydroxide under nitrogen, followed by acidi- 
fication, gave the corresponding acid which sublimed unchanged in a high vacuum. 

2-(2 : 3-Dihydroxyphenyl)ethylamine.—Reduction and demethylation of 2 : 3-dimethoxy-{- 
nitrostyrene (Lindenmann, Helv. Chim. Acta, 1949, 32, 69) to the dihydroxy-amine were carried 
out as described above for the 2 : 5-compound. 


One of us (R. I. T. C.) thanks the Department of Scientific and Industrial Research for a 
maintenance grant. 
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478. Steroids. Part III.* 3-Methyl-a-norcholest-3(5)-ene. 
By C. W. SHOPPEE and G. H. R. SUMMERs. 
The partial synthesis of this hydrocarbon is described. 


It has been shown (Schmid and Kagi, Helv. Chim. Acta, 1950, 33, 1582) that the saturated 
hydrocarbon 3: 5-cyclocholestane is converted by treatment with hydrogen chloride in 
boiling acetic acid into an isomeric unsaturated hydrocarbon, m. p. 65°, [aJp +58°. It 
was Suggested that the reaction involved fission of the C,4~—C,,, bond and that the product 
was 3-methyl-a-norcholest-3(5)-ene ¢ (V). This structure was supported by conversion 
through the ozonide into a diketone (cf. Heard and Ziegler J. Amer. Chem. Soc., 1951, 78, 
4046), which by Wolff-Kishner reduction gave cholest-3-ene, cholest-4-ene, and the corre- 
sponding tricyclic hydrocarbon. 

We have obtained the hydrocarbon (V) by partial synthesis from the pyroketone (II) 
obtained by pyrolysis of either 3: 4-seco-5a-cholestane-3 : 4-dicarboxylic acid ¢ (I) or 
3 : 4-seco-58-cholestane-3 : 4-dicarboxylic acid (III). 

Cholesterol was oxidised to 3 : 4-secocholest-5-ene-3 : 4-dicarboxylic acid (Diels’ acid), 
which was converted into the «$-unsaturated pyroketone; hydrogenation of this in the 
presence of palladium gave the saturated pyroketone (II) (cf. Windaus, Ber., 1912, 45, 
1316; 1919, 52, 170). By treatment with methylmagnesium iodide, the ketone (II) 
yielded a crystalline alcohol (IV), which may be identical with the difficultly crystallisable 
alcohol, m. p. 55°, [«]p +30°, obtained by Schmid and Kagi by catalytic hydrogenation of 
the epoxide (VI). Dehydration of the alcohol with thionyl chloride—pyridine at 20° 
furnished 3-methyl-a-norcholest-3(5)-ene (V), double m. p. 59° and 62°, [a]p +54°. This 
did not give a depression with a genuine specimen, m. p. 63°, kindly supplied by 
Professor Schmid through the good offices of Professor P. Karrer; it gave a yellow colour 
with tetranitromethane and a positive Liebermann—Burchard reaction (red —-> green), 
and was characterised by conversion into the beautifully crystalline, extremely stable 
ozonide, m. p. 114°, and into the epoxide (VI), m. p. 98°, [a]p +35°. These derivatives 
gave no depression of the m. p. when mixed with specimens prepared by the procedure of 
Schmid and Kagi; we are most grateful to Professor Schmid of the University of Zurich 
for carrying out the mixed melting point determination on the ozonide. 
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Schmid and Kagi (loc. cit.) describe two saturated hydrocarbons, obtained by catalytic 
hydrogenation of 3-methyl-a-norcholest-3(5)-ene (V); it seems possible to deduce their 
respective configurations from their molecular rotations. The érans-A/B-steroid hydro- 
carbons are all less dextrototatory than their cts-a/B-isomerides; this is also true 
for A-nor-5a-cholestane ([M]p +90°) and A-nor-5$-cholestane ([M]p +-118°) (Lettré, 
Z. physiol. Chem., 1933, 221, 73). It is known that methyl groups attached to the terminal 
rings of the steroid nucleus make approximately the same rotational contribution as 
hydrogen atoms (cf. Klyne, Chem. and Ind., 1952, 172), and this point is illustrated in 


* Part II, J., 1952, 1790. + For nomenclature see J., 1951, 3534. 
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the present context by 3-methyl-a-norcholest-3(5)-ene (V; [M]p +215°) and its 3-nor- 
homologue, m. p. 80°, [M]p + 200° (Lettré, loc. cit.; Grasshoff, Z. physiol. Chem., 1934, 223, 
249). Since catalytic hydrogenation of (V) will involve cis-addition (cf. Linstead, Doering, 
Davis, Levine, and Whetstone, J. Amer. Chem. Soc., 1942, 64, 1985) it is suggested that the 
saturated hydrocarbon, m. p. 112°, is 38-methyl-A-nor-5a-cholestane (VII; [M]p +101°) 
and that the liquid isomeride is 3a-methyl-a-nor-58-cholestane (VIII; [M]p + 160°). 


Yi fs 
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(VII) (VIII) 
A third isomeride, m. p. 44°, [a]p +54°, obtained by hydrogenation of 3 : 5-cyclocholestane 


by Schmid and K4agi, must belong to the c s-A-nor/B-series and may be 3$-methyl-A-nor- 
58-cholestane (IX). 


EXPERIMENTAL 


M. p.s were determined thermo-electrically on a Kofler block (limit of error +2°). Solvents 
for chromatographic operations were rigorously purified and dried and, unless stated otherwise, 
aluminium oxide (Spence type H, activity ~II) was used. For drying of ethereal extracts, 
brief treatment with anhydrous sodium sulphate was used. 

3 : 4-secoCholest-5-ene-3 : 4-dicarboxylic Acid.—This acid was satisfactorily prepared only by 
a modification of Diels and Abderhalden’s method (Ber., 1903, 36, 3177). Potassium hypo- 
bromite solution was prepared by adding well-cooled bromine (32 g.) to vigorously stirred 
aqueous potassium hydroxide (17 g. in 375 c.c.) cooled externally by solid carbon dioxide— 
methanol. Finely powdered commercial cholesterol (25 g.) was added to this solution and the 
mixture shaken vigorously for 20 hours. Heat was generated during the reaction, and the 
yellow alkaline solution developed a thick froth. The solution was filtered from a sludge of 
unchanged cholesterol, and the filtrate, after cooling (ice—salt), acidified with 4N-sulphuric acid. 
The precipitate, a white semisolid mass, was filtered (on hardened filter-paper), and washed 
repeatedly with water. The product was warmed with glacial acetic acid and filtered off, and 
the granular material crystallised from aqueous dioxan, giving the dicarboxylic acid in fine 
needles, m. p. 296—298° (lit., 297°). The dimethyl ester, prepared by means of diazomethane, 
crystallised from methanol in needles, m. p. 68—70° (lit., 69°). 

A-Norcholest-5-en-3-one.—The foregoing dicarboxylic acid (6 g.) was refluxed with acetic 
anhydride (10 c.c.) for 4 hours. The residual brown oil was slowly distilled during 3 hours at 
0-1—0-05 mm. and an oily distillate collected at 270—320°. This product was dissolved in 
ether, washed with 2N-sodium hydrogen carbonate solution and water, and dried, and recovered 
by evaporation. The resulting oil failed to crystallise from any solvent. It was therefore 
refluxed with methanol (300 c.c.) for 1 hour, and the supernatant clear liquid decanted from 
tarry matter, cooled, and treated with hydroxylamine sulphate (5 g.) and crystalline sodium 
acetate (9 g.) in water (25 c.c.)._ This solution was refluxed for an hour and then the methanol 
was partly removed under reduced pressure. The insoluble oxime was filtered off, washed with 
water, dried on porous porcelain, and crystallised from pentane, to give a-norcholest-5-en-3-one 
oxime in plates, m. p. 176° (lit., 176°). The oxime was decomposed by refluxing ethanolic 
sulphuric acid (3 hours), the solution neutralised with ammonia, and the solvent removed under 
reduced pressure. The residual oil was extracted with ether, and the ethereal extract purified 
in the usual way; evaporation gave an oil (2-1 g.), which was further purified by filtration of a 
pentane solution through a column of aluminium oxide. a-Norcholest-5-en-3-one was obtained 
as needles from methanol-acetone, m. p. 95—96° (lit., 96°), giving a yellow colour with tetra- 
nitromethane-chloroform. 

A-Nor-58-cholestan-3-one (II).—a-Norcholest-5-en-3-one (1-8 g.) in 1:1 ether-—acetic acid 
(40 c.c.) was shaken at room temperature in an atmosphere of hydrogen in the presence of 
palladium oxide (350 mg.). The theoretical uptake of hydrogen was attained within 0-75 hour 
and the hydrogenation then stopped. After removal of the catalyst the solution was evaporated 
to dryness under reduced pressure, and the residual oil extracted with ether. The ethereal 
extract was washed successively with 2n-hydrochloric acid, water, 2N-sodium hydrogen 
carbonate, and water, dried, and evaporated, to give an oil (1-42 g.). This was chromatographed 
in pentane and on aluminium oxide (62 g.), prepared in pentane; a-norcholestan-3-one was 
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isolated by elution with pentane—benzene (9:1 and 4:1). Recrystallised from methanol it 
formed needles, m. p. 74° (lit., 73—74°), and gave no colour with tetranitromethane-chloroform. 

3-Methyl-a-norcholest-3(5)-ene (V).—A Grignard reagent from magnesium (0-81 g.), methyl 
iodide (0-9 c.c.), and dry ether (8 c.c.) was cooled to 0° and a solution of a-norcholestan-3-one 
(1-4 g.) in dry ether (20 c.c.) added during 0-25 hour. The mixture was heated under reflux for 
0-25 hour, kept for 1 hour, and then poured on crushed ice and ammonium chloride. The 
ethereal solution, after being washed with water, was dried and evaporated, to give a colourless 
oil (0-95 g.). This failed to crystallise but partly solidified from pentane solution, to yield 
hygroscopic crystals, m. p. 46—56°. 

This product, in anhydrous pyridine (5 c.c.), was treated at 0° with redistilled thionyl chloride 
(0-5 c.c.). The solution became dark red and after 0-5 hour was allowed to acquire 
room temperature (18—20°). The pyridine was removed at 10 mm., and the residue taken up 
in ether, and purified in the usual way. The resultant oil (0-54 g.) was chromatographed in 
pentane on aluminium oxide (15 g.), prepared in pentane; 3-methyl-a-norcholest-3(5)-ene was 
isolated by elution with pentane (6 x 25 c.c.) as an oil, which solidified and then crystallised 
from methanol-acetone as prisms, m. p. 62° after partial transformation into thin needles at 
59—60°; the melt solidified on slight cooling and remelted at 60—61°. A mixture with a 
specimen, m. p. 63° (after partial transformation into needles at 60—61°), supplied by 
Professor Schmid, melted at 62—63°. The hydrocarbon had [a], +54°+3° (c, 1-280 in 
chloroform), and gave a positive Liebermann—Burchard reaction (red ——> brown ——> green) 
and a yellow colour with tetranitromethane in chloroform. The epoxide, obtained by use of 
permonophthalic acid, after repeated crystallisation from ether—-methanol had m. p. 
97—98°, [a], +35°+3° (c, 0-656 in chloroform), and gave no depression when mixed with 
Professor Schmid’s specimen. The ozonide, crystallised from ether—methanol, formed prismatic 
needles, m. p. 111—114°, undepressed when mixed with Professor Schmid’s preparation ; 
the mixture melted at 113-5—116-5°, and after resolidification melted at 113—117°. 


One of us (C. W. S.) acknowledges gratefully a grant from the Royal Society which has 
partly defrayed the expense of this work, whilst the other (G. H. R. S.) acknowledges the 
award of a Postgraduate Studentship by the University of Wales and a grant from the 
Department of Scientific and Industrial Research which enabled him to participate in this 
investigation. 
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479. Nucleotides. Part XI.* Some Preliminary Experiments on a 
Projected Synthesis. of Flavin-adenine Dinucleotide. New Methods 
for the Preparation of Riboflavin-4' : 5' Phosphate. 

By H. S. Forrest, H. S. Mason, and A. R. Topp. 


The possibility of using 4’ : 5’-anhydroriboflavin as an intermediate for a 
synthesis of flavin-adenine dinucleotide (FAD) has been explored and 
abandoned. Reaction of riboflavin-5’ phosphate with 2’ : 3’-isopropylidene- 
adenosine-5’ benzyl diphenyl pyrophosphate yielded the cyclic riboflavin- 
4’: 5’ phosphate, probably by breakdown of the initially formed FAD 
derivative under the conditions of experiment. Riboflavin-4’ : 5’ phosphate 
is also produced from riboflavin-5’ phosphate with tetraphenyl or tetrabenzyl 
pyrophosphate, and reaction of trifluoroacetic anhydride with riboflavin-5’ 
phosphate followed by treatment with ammonia is a convenient method for its 
preparation. 


FLAVIN-ADENINE DINUCLEOTIDE (commonly abbreviated to FAD) was first isolated as the 
coenzyme of D-amino-acid oxidase (Warburg and Christian, Naturwiss., 1938, 26, 235; 
Biochem. Z., 1938, 298, 150) and it was later shown to be the prosthetic group of a number of 
other flavoproteins involved in oxidation-reduction processes in living organisms. Accord- 
ing to the generally accepted structure (I), FAD can be regarded as an unsymmetrical 
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diester of pyrophosphoric acid and so belongs to a class of compounds no representative 
of which has so far been prepared synthetically other than by the use of enzymes. Indeed 
the only compounds which are known with some degree of certainty to belong to this type 
are, in addition to FAD, the natural coenzymes I and II (DPN and TPN) and the coenzyme 
(UDPG) of the system which converts galactose into glucose. Theoretically the problem of 
. FAD synthesis could be approached in several ways, e.g., (a) by linking together riboflavin- 
5’ phosphate and adenosine-5’ phosphate, (b) by linking adenosine-5’ pyrophosphate to 
riboflavin, or (c) by joining together riboflavin-5’ pyrophosphate and adenosine. The 
present paper deals with some exploratory studies on this problem using approaches (a) 
and (6) which, although they did not lead to a successful solution, have yielded results 
which not only indicate directions for further work but also provide information relevant to 
several other lines of investigation currently in progress in this laboratory. 

Previous work on the addition of phosphoric acid and its diesters to ethylene oxide 
derivatives (Atherton, Openshaw, and Todd, J., 1945, 382; Harvey, Michalski, and Todd, 
J., 1951, 2271) suggested that a very ag synthesis of (I) might be achieved by addition 
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of adenosine-5’ pyrophosphate (or its dibenzyl ester) to 4’ : 5’-anhydroriboflavin (II), 
and accordingly attempts were made to prepare the latter substance. An obvious starting 
material for (11) would be 5’-toluene-p-sulphonylriboflavin but as already reported (Forrest 
and Todd, J., 1950, 3295) we were unable to toluene-f-sulphonylate 2’ : 3’ : 4’-triacetylribo- 
flavin. We next tried to prepare the appropriate toluene-f-sulphonyl derivative of an 
intermediate in one of the known total syntheses of riboflavin and to obtain the desired 
riboflavin derivative by completing the synthesis of the flavin ring system ; a method of this 
type was used successfully for riboflavin-5’ phosphate by Karrer, Frei, and Meerwein 
(Helv. Chim. Acta, 1937, 20, 79). Treatment of 3: 4-dimethyl-N-p-ribitylaniline (III; 
R = H) with toluene-f-sulphonyl chloride gave an excellent yield of a product which, 
however, was evidently an N-toluene-p-sulphony] derivative since it yielded a stable tetra- 
acetyl derivative and, on periodate titration, consumed 3 mols. of oxidant. Efforts to 
prepare a toluene-f-sulphonyl derivative of the azo-compound (III; R = Ph:N : N-) 
were unsuccessful, and 3: 4-dimethyl-p-ribonanilide gave in poor yield a product which 
was sulphur-free and gave analytical figures corresponding to the starting material minus the 
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(Fl = flavin residue ; 

Ad = adenine residue.) 
elements of water. Since it gives a triacetyl derivative it is possible that this product may 
be (IV) which could be produced from an initially formed toluene-p-sulphonyl derivative 
by intramolecular alkylation. In view of these results experiments along these lines were 
abandoned. 
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When it was discovered that riboflavin is moderately soluble in dimethylformamide it 
was decided to examine again the direct reaction of riboflavin with toluene-p-sulphony! 
chloride in this solvent although earlier experiments in other media had been unsuccessful. 
The results were rather unsatisfactory although a large number of experiments were per- 
formed under varying conditions, the products being examined by paper chromatography 
with a ¢ert.-butanol-pyridine-water system. When equimolecular quantities of the 
reactants were used some reaction occurred, giving a yellow material very similar to ribo- 
flavin but with a slightly higher Ry value. The amount of this material increased with 
increasing proportions of toluene-p-sulphonyl chloride up to 4—6 mols. but with larger 
amounts considerable darkening and decomposition seemed to occur. It was finally found 
that fairly rapid addition of the halide (6 mols.) in pyridine solution to riboflavin in 
dimethylformamide at room temperature yielded an almost homogeneous product. This 
product was sulphur-free and gave analytical figures similar to those of riboflavin itself 
but on periodate titration took up one mol. of oxidant rapidly (1 hour) and then there was 
a lag of 4 hours before a further slow uptake set in. This behaviour is what would be 
expected of 4’ : 5’-anhydroriboflavin and the production of this substance under the reaction 
conditions employed would not be unreasonable: the same product appeared to result 
when methanesulphony] chloride was substituted for toluene-p-sulphonyl chloride. Never- 
theless we were unable to obtain confirmatory evidence for this structure; attempts to 
prepare riboflavin-5’ phosphate or its ester by reaction of the supposed anhydro-compound 
with phosphoric acid, dibenzyl hydrog-n phosphate, or their salts either left the substance 
unchanged or brought about conversion into riboflavin which was identified chromato- 
graphically and/or by isolation in substance. While the exact nature of this product 
remained in doubt it was, at any rate, clear that the likelihood of a successful synthesis of 
flavin-adenine dinucleotide along these lines was small indeed. 

We therefore turned our attention to possible routes to FAD which involve the con- 
densation of riboflavin phosphate with a phosphorylated adenosine derivative. At about 
this time the observation was made that tetrabenzyl pyrophosphate could be prepared in 
high yield by allowing tetraphenyl pyrophosphate to react with dibenzyl hydrogen phos- 
phate at room temperature in presence of a base (Mason and Todd, J., 1951, 2267). It was 
clear that this reaction might be made the basis of a process leading to unsymmetrical 
pyrophosphates and investigations were undertaken on model compounds to clarify and 
broaden the scope of this exchange reaction of pyrophosphates and of mixed anhydrides 
of phosphoric acid with other strong acids; the results of these investigations have been 
already reported (Corby, Kenner, and Todd, /J., 1952, 1234). Simultaneously, however, 
experiments were carried out in which direct application to FAD synthesis was attempted 
by endeavouring to bring about an exchange reaction between riboflavin-5’ phosphate 
(V; Fl = riboflavin) and adenosine-5’ benzyl diphenyl pyrophosphate (VI; Ad = adeno- 
sine), to yield the monobenzyl ester (VII) of FAD, from which the benzyl group might 
subsequently be removed. 

The choice of (VI) as a reactant rested on the assumption that diphenyl hydrogen 
phosphate would be a stronger acid than adenosine-5’ monobenzyl phosphate, so that 
reaction would proceed in the direction indicated (cf. Corby, Kenner, and Todd, loc. cit.). 
It was, of course, realised that the reaction might proceed more readily if riboflavin-5’ 
monobenzyl phosphate were employed in place of the dibasic acid riboflavin-5’ phosphate, 
but it seemed probable that the validity of the method might well be tested initially with- 
out recourse to the tedious preparation of the former compound. It may be noted in 
passing that the enzymic synthesis due to Shrecker and Kornberg (J. Biol. Chem., 1950, 
182, 795) in which riboflavin-5’ phosphate and adenosine triphosphate react in presence of 
an enzyme to give FAD and pyrophosphate is similar in principle to the purely chemical 
synthesis here envisaged; the probable significance of this has been discussed by one of us 
elsewhere (Todd, Harvey Lecture, New York, 1951). 

When (V) and a crude sample of the 2’ : 3’-isopropylidene derivative of (VI) (prepared by 
treating the silver salt of 2’ : 3’-isopropylideneadenosine-5’ benzyl phosphate with diphenyl 
chlorophosphonate) were brought into reaction in dimethylformamide solution alone or in 
presence of bases and the products examined by paper chromatography it was evident that 
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some reaction had occurred, giving a riboflavin derivative which travelled on paper 
chromatograms at approximately the sane speed as natural FAD in 5% aqueous disodium 
hydrogen phosphate. This product, which could be obtained chromatographically homo- 
genev s by the chromatopile technique, proved to be the cyclic riboflavin-4’ : 5’ phosphate 
of Forrest and Todd (loc. cit.) and it was also produced in almost quantitative yield by 
treating riboflavin-5’ phosphate with tetrapheny] or tetrabenzyl pyrophosphate in presence 
of bases. A large number of experiments along these lines were made in which conditions 
of reaction were varied but riboflavin-4’ : 5’ phosphate was the only product obtainable. 
It may be reasonably assumed that in these reactions the desired exchange did in fact occur 
and that the initially produced pyrophosphate of riboflavin then behaved, in presence of 
base, as a phosphorylating agent towards the adjacent 4’-hydroxyl of the riboflavin 
residue. The reaction between riboflavin-5’ phosphate and tetraphenyl pyrophosphate 
would thus be formulated : 


9 /OH 0 AOPh Base 
R-CH(OH):C HyO—PL ‘a P—O—1% —- 
OH Noph 


R-CH(OH)-CH o—P—0—P—0 Ph +(PhO),PO-OH _34* >< 
2" ; 2b VU" pena ~~ . 
OH OPh ey % + (PhO),PO-OH 
R-CH——CH, 


This is in accord with the known behaviour of pyrophosphates as phosphorylating agents 
(cf. Atherton and Todd, J., 1947, 674) and recalls the production of riboflavin-4’ : 5’ 
phosphate from FAD on treatment with ammonia (Forrest and Todd, Joc. cit.), although 
the cyclic phosphate does not appear to be produced from natural FAD by triethylamine, 
the base commonly used in our exchange reactions. On this basis it is not improbable that, 
in the attempted FAD synthesis mentioned above, the benzyl ester (VII) of FAD (or its 
2’ : 3’-isopropylidene derivative) was actually produced but then reacted further to yield 
the cyclic riboflavin phosphate. 

The results of these experiments, although disappointing, were not wholly unexpected, 
for it had been realised that a major difficulty in any synthesis of FAD, in which the acidic 
hydroxyl groups in the pyrophosphate linkage were blocked by protecting ester groups, 
would lie in the very great lability of the penultimate product and its tendency to act asa 
powerful phosphorylating agent, although we had not at first realised how readily the cyclic 
riboflavin phosphate would be formed. It was evident that one of the most promising lines 
of advance from the point now reached would be to substitute for riboflavin-5’ phosphate, 
in the reactions described, a fully acylated derivative of this substance so that cyclic 
phosphate formation would be impossible, provided a derivative could be prepared in 
which the acyl groups would be sufficiently labile to permit their removal from the product 
of the exchange reaction without rupture of the pyrophosphate linkage. Further studies 
along these lines will be described in a later communication, but it is appropriate to mention 
at this point our attempt to meet the requirement by preparing a 2’ : 3’ : 4’-tristrifluoro- 
acetylriboflavin-5’ phosphate. Trifluoroacetic anhydride reacted readily with ribo- 
flavin-5’ phosphate, to give a substance of the expected composition, but on treatment with 
alcoholic ammonia the product yielded riboflavin-4’ : 5’ phosphate; heating with dilute 
acid gave riboflavin-5’ phosphate. It seems clear that this product was a hydrated tris- 
trifluoroacetyl derivative of the cyclic riboflavin-4’ : 5’ phosphate and owed its formation 
to reaction of the trifluoroacetic anhydride with riboflavin-5’ phosphate to give a mixed 
anhydride which then underwent fission with formation of the cyclic phosphate, the latter 
being subsequently trifluoroacetylated (presumably in the 3-, 2’-, and 3’-positions). _What- 
ever be the precise orientation of this trifluoroacetyl derivative it is undoubtedly true that 
reaction of trifluoroacetic anhydride with riboflavin-5’ phosphate followed by treatment with 
alcoholic ammonia provides an excellent method for preparing riboflavin-4’ : 5’ phosphate, 
and trifluoroacetic anhydride could presumably be applied successfully as a general reagent 
for the preparation of cyclic phosphates from monoesters of phosphoric acid in which the 
esterifying alcohol bears a cis-hydroxyl group adjacent to the point of attachment of the 
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phosphoryl group. Preparative methods for such cyclic phosphates have recently assumed 
considerable importance in connexion with the mechanism of hydrolytic breakdown of 
ribonucleic acids and the interconversion of the isomeric a and } ribonucleotides (Brown 
and Todd, J., 1952, 44, 52). 

EXPERIMENTAL 


Action of Toluene-p-sulphonyl Chloride on 3 : 4-Dimethyl-N-p-ribitylaniline.—A solution of 
3 : 4-dimethyl-N-p-ribitylaniline (1-92 g.) in dry pyridine (18 c.c.) was cooled to 0° and toluene- 
p-sulphony! chloride (1-44 g.) in pyridine (18 c.c.) containing a little toluene-p-sulphonic acid 
(0-06 g.) was added during 10 minutes. The mixture was stirred at 0° for 6 hours, then left over- 
night at room temperature. Pyridine was removed under reduced pressure and the residue 
stirred with water. The solid product (2-45 g.) was recrystallised from ethyl acetate, 3: 4- 
dimethyl-N-v-vibityl-N-toluene-p-sulphonylaniline (as III; R = H) being obtained as colourless 
needles, m. p. 110° (Found: C, 58-2; H, 6-6; N, 3-4. C, 9H,;O,NS requires C, 58-7; H, 6-6; 
N, 3:-4%). The substance consumed 3 mols. of oxidant per mol. when titrated with sodium 
metaperiodate in aqueous dioxan (80%), no further uptake occurring in 48 hours. Treatment 
with acetic anhydride in pyridine gave a tetra-acetyl derivative which separated from benzene— 
light petroleum in colourless needles, m. p. 92° (Found : C, 58-0; H, 6-0; N, 2-4. C,,H3;,0,)NS 
requires C, 58:2; H, 6-0; N, 2-4%). 

Action of Toluene-p-sulphonyl Chloride on 3 : 4-Dimethyl-p-ribonanilide.—A solution of the 
ribonanilide (8-13 g.) in dry pyridine (65 c.c.) was cooled in an ice-salt bath, and toluene-p- 
sulphonyl chloride (5-73 g.) in pyridine (35 c.c.) containing toluene-p-sulphonic acid (0-25 g.) 
was added during 10 minutes. The cold solution was stirred for 6 hours, then allowed to come 
to room temperature and set aside overnight. Pyridine was removed under reduced 
pressure, the residue dissolved as far as possible in chloroform, and the solution washed with 
dilute hydrochloric acid and water. Evaporation of the dried chloroform solution and recrystal- 
lisation of the residue from methanol gave the product (IV ?) (2-4 g.) as colourless felted needles, 
m. p. 167° (Found : C, 62-3; H, 6-5; N, 5-6. C,,;H,,0,N requires C, 62-2; H, 6-8; N, 5-6%). 
The substance contained no sulphur and with acetic anhydride in pyridine solution gave a 
triacetyl derivative crystallising from benzene-light petroleum in colourless plates, m. p. 96° 
(Found: C, 60-5; H, 6-6; N, 42. C,,H,,0O,N requires C, 60-4; H, 6-1; N, 3-7%). 

Action of Toluene-p-sulphonyl Chloride on Riboflavin.—Many experiments (ca. 40) were 
carried out with varying quantities of reagents, reaction medium, and conditions of reaction. 
The working up and separation of reaction products was rendered very difficult by the extreme 
insolubility of riboflavin and its derivatives in suitable solvents. The following is an example of 
a comparatively large-scale experiment in which the product was isolated in substance for further 
study. 

Riboflavin (500 mg.) in dimethylformamide (60 c.c.) was treated with toluene-p-sulphonyl 
chloride (1-52 g.) in pyridine added during 5 minutes at room temperature. After 20 minutes the 
dark yellow solution was diluted with half its volume of water and concentrated to small bulk 
under reduced pressure. Further addition of water precipitated the product as a yellow solid 
(450 mg.) which was collected, washed with water, and dried. Recrystallised from water, it was 
obtained as a microcrystalline yellow powder, m. p. 250° (the riboflavin used has m. p. 280°), 
which contained no sulphur [Found: C, 53-6; H, 6-0; N, 14:3. Calc. for C,,HO,N, (ribo- 
flavin): C, 54:1; H, 5-4; N, 14-9%]. The product was apparently not riboflavin although it 
yielded the latter when heated with acids or with alkali; on paper chromatography in ¢ert.- 
butanol—pyridine—water (12:3: 5) it gave one main spot just ahead of a trace of riboflavin 
which it contained as an impurity. In view of this and of the results of periodate titrations 
mentioned in the introductory part of this paper it is possible that this product may be 4’ : 5’- 
anhydroriboflavin but some 25 experiments in which opening of the oxide ring to yield riboflavin- 
5’ phosphate was attempted under a variety of conditions failed; when reaction occurred the 
sole product was riboflavin, identified by m. p., mixed m. p., and paper chromatography. 

Attempted Exchange Reactions using Riboflavin-5’ Phosphate.—The following examples typify 
the experiments carried out. 

(a) With 2’ : 3’-isopropylideneadenosine-5’ benzyl diphenyl pyrophosphate (VI: Ad = adeno- 
sine). The crude product obtained by treating silver 2’ : 3’-isopropylideneadenosine-5’ benzyl 
phosphate (100 mg.) with diphenyl chlorophosphonate (70 mg.) in dry benzene was dissolved 
together with riboflavin-5’ phosphate (50 mg.) in dimethylformamide (10 c.c.) containing 
triethylamine (0-2 c.c.). After 24 hours the reaction product was isolated, by precipitation 
with ether, as a yellow solid. Paper chromatography with aqueous disodium hydrogen phos- 
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phate (5%) showed that it contained in addition to unchanged riboflavin-5’ phosphate a second 
component travelling at the same speed as natural flavin-adenine dinucleotide (A, 0-42). This 
second material (7 mg.) was isolated in a pure state by the chromatopile technique (cf. Forrest 
and Todd, Joc. cit.) and was shown to be riboflavin-4’ : 5’ phosphate by paper-chromatographic 
comparison in several solvent systems, by periodate titration (1-03 mols, uptake), and by con- 
version into riboflavin-5’ phosphate with acids. No improvement in yield or change in the 
nature of product could be obtained despite considerable variation in the solvent used or the 
conditions of reaction. 

(b) With tetraphenyl pyrophosphate. An experiment similar to the above was carried out 
with riboflavin-5’ phosphate (250 mg.), tetraphenyl pyrophosphate (600 mg.) in dimethylform- 
amide (10 c.c.), and triethylamine (0-3 c.c.). The reaction was carried out at room temperature 
during 2 hours. Worked up as before, the product (230 mg.) isolated was shown to be ribo- 
flavin-4’ : 5’ phosphate. Chromatopile purification was unnecessary. 

(c) With tetrabenzyl pyrophosphate. Under the same conditions as in (b) riboflavin-5’ phos- 
phate (60 mg.) and tetrabenzyl pyrophosphate (300 mg.) gave again riboflavin-4’ : 5’ phosphate 
(50 mg.). Under the same conditions, but with riboflavin instead of riboflavin-5’ phosphate, no 
phosphorylation occurred. 

Riboflavin-5’ Phosphate and Trifluoroacetic Anhydride.—Riboflavin-5’ phosphate (100 mg.) 
was set aside with trifluoroacetic anhydride (0-2 c.c.) for 12 hours, during which it gradually 
passed into solution. Dry ether (40 c.c.) was added giving a yellow precipitate (120 mg.) of a 
trifluoroacetylated compound (probably 3: 2’ : 3’-tristrifluoroacetylriboflavin-4’ : 5’ phosphate), 
purified by dissolution in ethanol and reprecipitation with ether (Found: C, 36-7; H, 2-8; 
N, 7:5. Cg3H,,0,,N,F,P,H,O requires C, 37-1; H, 2-4; N, 7-6%). When set aside with 
saturated ethanolic ammonia this product was converted almost quantitatively into riboflavin- 
4’ : 5’ phosphate, identified by direct comparison with an authentic specimen. 
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480. Hydrated Calcium Silicates. Part IV.* Hydrothermal 
Reactions: Lime: Silica Ratios 2:1 and 3:1. 


By L. HELLER and H. F. W. TAaytior. 


Hydrothermal reactions were carried out at 100—200° with mixtures 
of lime and silica gel in the molar ratio 2 : 1, and also with the compounds 6- 
and y-Ca,SiO, and Ca,SiO;. The starting materials of lime: silica molar 
ratio 2: 1 yield calcium silicate hydrate (I) as the initial product at the lower 
temperatures, more prolonged treatment giving afwillite. At higher 
temperatures one or more of the dicalcium silicate «-, 8-, and y-hydrates are 
obtained. These tend to predominate in the product at successively higher 
temperatures, but the’ a-hydrate appears to be only a transition product 
when formed from starting materials of its own composition. Dicalcium 
silicate 8-hydrate resembles natural hillebrandite very closely, but the X-ray 
powder photographs show slight but distinct differences. 

Ca,SiO, also yields calcium silicate hydrate (I) or (II) as the initial product 
up to at least 120°. The final products at 120° are dicalcium silicate «-hydrate 
and calcium hydroxide; these products were also obtained at the higher 
temperatures, even after relatively short times of reaction. 


STUDIEs by earlier investigators on the hydrothermal treatment of mixtures or compounds 
of the compositions 2CaO,SiO, or 3CaO,Si0, have yielded conflicting results. The products 
most often obtained from starting materials of the former composition have been the 
dicalcium silicate a-, 8-, and y-hydrates. The «-, $-, and y-hydrates appear to predominate 


* Part III, J., 1952, 1018. 
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in the product at successively higher temperatures over the range 150—350°. Tricalcium 
silicate hydrolyses to dicalcium silicate a-hydrate at about 150° and yields a hydrate 
$CaO,SiO,,2H,O at higher temperatures (for references and fuller discussion see Taylor and 
Bessey, Mag. Concrete Res., 1950, No. 4, p. 15). Foret (Compt. rend., 1937, 204, 977), 
however, obtained from mixtures of lime and quartz a product which was probably calcium 
silicate hydrate (I) or (II) (Part II, J., 1951, 2397). She was unable to detect any other 
product, although the temperatures employed varied from 120° to 300° and the molar 
ratios of lime to silica from 2: 1 to 4:1. No compounds other than dicalcium silicate «-, 
8-, and y-hydrates, and tricalcium silicate hydrate, have been identified in the products 
obtained from the anhydrous calcium silicates. 

The apparent contradiction between Foret’s results and those of other workers suggested 
a need for further investigation. The present study was therefore carried out, with the 
particular aim of establishing whether the di- and the tri-calcium silicate hydrates were in 
fact the only compounds that could be formed hydrothermally from the anhydrous calcium 
silicates at 100—200°. A knowledge of this is of importance in connection with the steam 
curing of Portland cement (Nurse, Proc. Building Res. Congr., London, 1951). 


EXPERIMENTAL 


Starting Materials —The calcium hydroxide and silica gel samples have already been 
described (Parts III and I respectively, J., 1952, 1018; 1950, 3682). The $- and y-dicalcium 
silicates and the tricalcium silicate were kindly supplied by Mr. R. W. Nurse of the Building 
Research Station, Watford, Herts., and had been prepared from pure calcium carbonate and 
silica. Their optical properties and X-ray powder lines were in satisfactory agreement with 
published data (Bogue, ‘‘ The Chemistry of Portland Cement,” Reinhold Publ. Corp., New York, 
1947). 

Methods.—In each experiment, the starting materials were treated with liquid water under 
its own vapour pressure at the temperature of the reaction. The products were examined 
optically and by X-ray powder photographs. Details of the procedures used have already been 
given (Part ITI, loc. cit.). 

The results obtained are given in Tables 1—4. The X-ray and optical methods of 
examination were found complementary. Small amounts of a compound, which in the presence 
of a more abundant phase could not be detected by its X-ray pattern, could often be detected 
optically. This was particularly true in the case of afwillite and dicalcium silicate a-hydrate, 
which form relatively large crystals. On the other hand, in some cases, where optical examin- 
ation showed only ill-defined material, the X-ray method gave conclusive results. 

Identification of Calcium Silicate Hydrate (1).—This was most satisfactorily characterised by 
its X-ray powder lines, which were compared with those of a pure specimen (sample 58, Part II, 
loc. cit.). As in the case of previous samples of this compound prepared hydrothermally from 
mixtures of lime : silica ratios 1: 1 or 3: 2, variations in the relative intensities of certain lines 
were observed. The most marked effect was seen in the case of the 2-28-A line, which was 
completely absent in sample 66. The 2-07-A line also varied in its intensity relative to those 
of neighbouring lines. It appears probable from other work now in progress that these 
variations, which do not affect any of the hkO lines, may be due to differences in the states of 
hydration and consequently of the basal spacing. 


TABLE 1. Products obtained when starting materials were mixtures of calcium hydroxide 
and silica in the molar ratio 2: 1. 


Temp. Time (days) Products 


110° CSH(I) + AFW 

110 , AFW + weak CH 

130 CSH(I) || + AFW 

130 CSH(I) || + AFW 

140 CSH(I) || + AFW 

150° CSH(I) || + AFW 

180 CSH(I) * + CH + SiO, 
180 B + little CSH(I) * 

200 y + little a and f 


For notes, see after Table 4. 
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TABLE 2. Products obtained when starting material was 8-Ca,SiO,. 


Temp. Time (days) Products 
130° 52 Unchanged + CSH(I) * + CH 
Unchanged 
Unchanged 
Unchanged 
Unchanged + CSH(I) * 


a 

Unchanged + a 
Unchanged + CSH(I) * 

a + little CSH(I) * and CH 
B + little AFW 


red + CH + CSH(I) || and a little a and 8 
B + little y 
Unchanged 


Y 

B + little y 
y + little p 
y + little B 


For notes, see after Table 4. 





TABLE 3. Products obtained when starting material was y-Ca,SiO,. 


Time (days) Products 
30 Unchanged + little y 
13 CSH(I) || + AFW + C 
7 Unchanged + little y 
30 y¥+C+D 
37 y + littlea + D 


For notes, see after Table 4. 


TABLE 4. Products obtained when starting material was Ca,SiO,. 


No. Temp. Time (days) Products 

117 104° Unchanged + CH 

118 Unchanged + CH 

119 Unchanged + CH + CSH(I) * 
125 Unchanged + CH + CSH(I) * 
126 Unchanged + CH + CSH(I) * 


127 Unchanged + CH + CSH(I)* +a 
129 CH + CSH(I)* +a 

103 CSH(I) * + CH 

105 CH+a 

107 CH+a 


CH +a 
CH+a 
Unchanged + little CH 
CH +a 


Lee +444 


-_ 
—OeK Oe BF HTC W OD KWo 


toro 
[al 


12 wr 


CH = calcium hydroxide; CSH(I) = calcium silicate Cpa (1). 


* Only two X-ray powder lines visible, see text; AF 
a-, B-, and y-hydrates respectively. 

+ Seeded with a few crystals of dicalcium silicate a-hydrate; C, D = extra X-ray powder lines, 
see text. 

t Preceded by 5 days at 95°. 

§ Preceded by 5 days at 95° and 7 days at 110°. 

|| In a well-crystallised form, see text. 


afwillite; a, 8, y = dicalcium silicate 
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Under the microscope, the calcium silicate hydrate (I) obtained in these experiments 
appeared as an ill-defined material, in some cases just visibly crystalline, having a mean 
refractive index near to 1-56. Distinction from calcium hydroxide (@ = 1-57, e = 1-54) was 
often difficult or impossible, since the calcium hydroxide was usually also in a very finely dvided 
condition. 

Identification of Afwillite-——This provides little difficulty either optically or by X-ray 
methods. A powder photograph of a sample of the natural mineral was taken for comparison, 
and showed about 40 lines, in good agreement with previously recorded data (Clark and Bunn, 
J. Soc. Chem. Ind., 1940, 59, 155; McMurdie and Flint, J. Res. Nat. Bur. Stand., 1943, 31, 225). 
Identical patterns were obtained from the synthetic samples provided that a sufficient proportion 
of afwillite was present. Optically, synthetic afwillite can be recognised easily, even in small 
proportion, since it forms relatively large crystals of prismatic habit. The largest crystals 
obtained (in experiment 75) were about 0-7 x 0-2 x 0-2 mm. Their optical properties, 
determined in white light, were : 


Biaxial positive, 2V = 55° + 10°, n, = 1614, ng = 1617, n, = 1-630. 


Absolute values of these indices are correct to +0-005, and values of ng — n, and n, — ng to 
+0-002. The prism axis of the crystals coincides with the $-direction to within a few degrees. 
The commonest orientation on the slide was with the obtuse bisectrix about 20° from the vertical ; 
such crystals showed approximately parallel extinction, negative elongation, and a high 
birefringence. More rarely crystals lay with either one optic axis, or else the acute bisectrix, 
near the vertical ; in the latter case the crystal showed positive elongation and a low birefringence. 
These results are in close agreement with those of the natural mineral (Parry and Wright, Min. 
Mag., 1925, 20, 277). 

Identification of Dicalcium Silicate «-Hydvrate.—This compound was easily recognised under 
the microscope, as it formed thin rectangular plates of characteristic appearance, with optical 
properties in agreement with those found by Vigfussen, Bates, and Thorvaldson (Canad. J. Res., 
1934, 11, 520). Sample 63 was substantially free from other species and gave an X-ray 
pattern showing about sixty lines, in good agreement with those recorded by the above 
investigators, including McMurdie and Flint (loc. cit.), although additional weak lines were 
present. The powder photograph of this sample was used as a standard for the characterisation 
of dicalcium silicate a-hydrate in other samples. 


TABLE 5. X-Ray powder data for natural hillebrandite and for synthetic dicalcium 
silicate 8-hydrate (sample 79). Spacings in A. 


Hille- Sample Hille- Sample Hille- Sample Hille- Sample 
brandite 79 brandite brandite 79 brandite 79 
1-64 w 1-360 vvw 1-35 vvw/d 
1-62 mw 1-62 w/d + 1-350 vvw ~- 
1-61 mw 1-335 vvw 1-33 vvw 
1-57 mw 1-56 vwt 1-325 w 1-32 vw 
1-56 vvw 1-300 vvw 


4-06 mw . 4 2- s 1-54 w . y 1-280 vvw 
3-52 mw 1-95 | + 1-530 vw - 1-220 vvw 
vs -32 ms . 1-93 ms 1-525 vw ‘52v 1-205 vvw 
3:02 s , ‘87 ms , 7 1-505 vvw 1-190 w — 
2-92 vvs 2-90 vvs 15m SE85ms/dt 1500 yaw 1:180w 1-17 mw/d 
181s . 's 1-470 w . y 1-175 w — 
1-75 m or Fi 1-450 vw : 1-120 vw I-ll vw/d 
d+ 1-72 mw . 7 1-430 vw . y 1-115 vvw — 
! 1-69 vvw . vw 1-415 vw : 1-095 vw 1-09 vw 
1-67 vvw . VW 1-365 vvw 


* This line varied in intensity for different samples taken from the same lump of mineral and 


was probably not wholly due to hillebrandite. 


+ Principal cases in which the synthetic material differed from the natural mineral, apart from 
the generally shorter spacings of corresponding lines. 


Identification of Dicalcium Silicate 8-Hydrate.—Comparison of the X-ray powder photograph 
of sample 79 with those of other samples showed that it did not contain lines due to any likely 
product other than dicalcium silicate 8-hydrate. The results thus obtained (Table 5) are in 
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satisfactory agreement with those recorded previously for this compound (McMurdie and 
Flint, Joc. cit.; see also Taylor and Bessey, Joc. cit.), and the photograph was used as a 
standard for its detection in other samples. Optical investigation gave little more than 
confirmatory evidence, since the crystals were always extremely small. In favourable cases it 
was possible to recognise needles of mean refractive index 1-60, with parallel extinction and 
positive elongation. 

For comparison, powder photographs of natural hillebrandite were taken and the resulting 
data are included in Table 5. They are in tolerable agreement with the results of Clark and 
Bunn (loc. cit.) and McMurdie and Flint (loc. cit.). 

Identification of Dicalcium Silicate y-Hydrate.—This compound was most readily identified 
by its X-ray pattern. Sample 85, which appeared to be substantially pure, gave a pattern 
showing twelve lines, in agreement with those found by Keevil and Thorvaldson (Canad. J. Res., 
1936, 14, A, 20) and by McMurdie and Flint (loc. cit.). The strong spacing of approx. 1-90 A 
recorded by these investigators was found to be a close doublet and as such proved particularly 
useful for the characterisation of the compound in other samples. The crystals were even 
smaller than in the case of the $-hydrate; the mean refractive index lay in the region 1-62— 
1-64, in agreement with the earlier investigations (Keevil and Thorvaldson, Joc. cit.). 

X-Ray Lines C and D,—In three experiments starting with y-Ca,SiO, (Table 3) two sets of 
X-ray powder lines were observed which could not be attributed to any known compound. 
Their spacings (in A) and relative intensities were as follows: Extra lines “C”’: 4-2 vs, 2-59 w, 
2:26 m, 2:24m. Extra lines ‘‘D”: 3-63m, 2-85s, 2:35 vvw, 195m, 1-68w, 1-52 vvw, 
1:50 vvw, 1-48 vvw. All three products were largely composed of indefinitely crystalline 
material and, except for the detection of afwillite in sample 20, optical investigation was 
inconclusive. The significance of these lines is therefore obscure. 


DISCUSSION 

The results show that the products of hydrothermal treatment of starting materials 
containing lime and silica in the molar ratios 2: 1 and 3: 1 are more complex than the 
previous investigators have concluded. In the former case, at 100—200°, not only the 
three dicalcium silicate hydrates, but also afwillite and calcium silicate hydrate (1) may be 
obtained. In the latter case, in addition to dicalcium silicate «-hydrate and tricalcium 
silicate hydrate, calcium silicate hydrate (I) may again be one of the products. 

Formation of Calcium Silicate Hydrate (1).—This product was obtained from all four of 
the starting materials. It was the main product in, for example, preparations 52 and 55, 
made from mixtures of lime : silic. ratio 2: 1; 49 and 71, made from $-Ca,SiO,; 20, made 
from y-Ca,SiO,; and 103, made from Ca,SiO;. The temperatures of the experiments in 
which it was formed ranged from 104° to 180°; at the lower temperatures it was nearly 
always found in the products, but as the temperature was increased, it occurred less 
frequently. It was not obtained from Ca,SiO,; at temperatures above 120°. For any 
given combination of temperature and starting material, the proportion of calcium silicate 
hydrate (I) relative to other products tended to decrease with the time of the hydrothermal 
treatment. This is shown, for example, in the experiments with Ca,SiO, at 120° (103, 105, 
107; Table 4) and with the mixtures at 180° (84, 96, Table 1). 

This behaviour is similar to that observed in the case of mixtures of lower lime : silica 
ratio (Parts II and III, locc. cit.), and admits of the same explanation: calcium silicate 
hydrate (I) is formed as the first product of the hydrothermal treatment of all these 
materials, at any rate up to a limiting temperature in each case, and subsequently changes 
into other phases, depending on the temperature and composition. This explains Foret’s 
observations (loc. cit.), since the starting materials (lime and quartz) are not very reactive, 
and the times of her experiments (6—8 days) were relatively short. Her results suggest 
that calcium silicate hydrate (I) can be produced from lime and quartz at all temperatures 
up to 300°. 

Characterisation, Degree of Crystallisation and Composition of Calcium Silicate 
Hydrate (1).—In some cases (75, 20, etc.), where calcium silicate hydrate (1) was formed, it 
gave the full X-ray pattern characteristic of the well-crystallised material (Part II, loc. cit.). 
In other cases, only the ARO lines were visible, but these were perfectly sufficient to 
distinguish the compound from calcium silicate hydrate (II) or any other known hydrated 
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calcium silicate. In a few cases (49, 84, etc.), only the two strongest spacings of 3-07 and 
1-83 A were observed. These coincide with strong spacings of calcium silicate hydrate (II) 
(Part I, loc. cit.). It does not appear likely that this compound was formed in any of the 
experiments with lime: silica ratio 2: 1, since the characteristic lines of calcium silicate 
hydrate (II), which distinguish it from calcium silicate hydrate (I), were not observed, 
although the reverse was often true (e.g., in products 38, 75, and 20). In the products 
obtained from Ca,SiO;, the conclusions are less certain. The 3-07 and 1-83-A lines were 
given by several products made below 120°, showing that either calcium silicate hydrate (I) 
or (II) had been produced. Attempts to obtain this in a better crystallised form, by 
increase in time or temperature, to enable a distinction to be made, were unsuccessful, 
because transition to dicalcium silicate «-hydrate occurred. At 20°, calcium silicate 
hydrate (II) is the initial product of the hydrolysis of Ca,SiO, (Part I, loc. cit.) and it might 
therefore be expected as the product in the present case. However, it is unstable in the 
presence of aqueous calcium hydroxide less concentrated than 0-02M, giving calcium 
silicate hydrate (I) and calcium hydroxide. The solubility of the latter at 100° and above 
is far below 0-02M (Flint, McMurdie, and Wells, J. Res. Nat. Bur. Stand., 1938, 21, 617) and 
this may cause calcium silicate hydrate (I), rather than (II), to be the product under 
hydrothermal conditions. 

The maximum lime: silica molar ratio of calcium silicate hydrate (1), determined on 
material formed at room temperature, is 3:2 (Part 1, loc. cit.). It might therefore be 
expected that when this material is obtained from starting materials of lime: silica ratio 2: 1 
an equivalent amount of calcium hydroxide would be formed. In fact, the X-ray patterns 
of many such samples (66, 72, 20, etc.) did not contain the lines of calcium hydroxide. Two 
explanations seem possible. Calcium silicate hydrate (I), when formed under hydro- 
thermal conditions, may have a maximum lime: silica ratio greater than 3: 2. 
Alternatively, the calcium hydroxide may have been present in so imperfectly crystalline a 
state that it could not be detected in the powder photograph. For reasons already given, 
optical investigation gave inconclusive results in this case. The fact that sample 59, in 
which afwillite was formed from a 2:1 mixture, gave an X-ray powder photograph in 
which the calcium hydroxide lines were only very weakly visible, tends to support the 
second hypothesis, since afwillite has the definite composition Ca,(HSiO,),,2H,O. The 
matter cannot however be considered as settled on the present evidence. 

Products obtained at 100—110°.—It is probable that, even at the lowest temperatures 
studied, calcium silicate hydrate (I), although more persistent than at higher temperatures, 
is not a stable product. In experiment 38 it was formed together with afwillite after 
63 days at 110°, but after 200 days (experiment 59) the same starting material gave only 
afwillite. Bessey (quoted by Taylor and Bessey, loc. cit.) similarly obtained afwillite 
from a 2: 1 mixture of lime and silica at 98°. It therefore appears that the calcium silicate 
hydrate (I) changes into afwillite on long treatment even at 100°. With tricalcium silicate 
as starting material, 7 days’ treatment at 104° (experiment 119) gave calcium silicate 
hydrate (I) and calcium hydroxide. However, Flint, McMurdie, and Wells (loc. cit.) in an 
experiment at 100° of 14 days’ duration observed the formation of dicalcium silicate 
a-hydrate, which was also obtained by the present authors at 110° and above 
(experiments 127, etc.). The final products obtained from Ca,SiO, at 100—110° are 
therefore probably dicalcium silicate «-hydrate and calcium hydroxide. 

At lime: silica ratios of 1: 1 or 3: 2, calcium silicate hydrate (I) appears to be stable 
at 110° under hydrothermal conditions (Parts II and III, Jocc. cit.). 

Formation of Afwillite—The results, together with those reported in Part III (loc. ctt.), 
show that afwillite is produced only under mildly hydrothermal conditions, the highest 
temperature at which it was obtained being 160°. Partly, perhaps, for this reason its 
formation tends to be very slow. Most of the earlier workers in this field concentrated on 
experiments at higher temperatures and of relatively short duration. This probably 
explains why, apart from the one experiment by Bessey already mentioned, no conclusive 
synthesis of this compound has previously been recorded. 

Formation of the Dicalcium Silicate Hydrates.—After sufficiently prolonged treatment at 
temperatures of 140° or above, the mixtures or compounds of lime: silica ratio 2: 1 gave 
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principally the dicalcium silicate «-, 8-, or y-hydrates. The present results on the whole 
support the view that the a-, 6-, and y-hydrates predominate at successively higher 
temperatures. However, at 140° the a-hydrate was only the main product in experiments 
of short duration (63, 76, and 77; 5, 8, and 12 days respectively), longer treatment giving 
other products. It therefore appears to be no more than a transition product when formed 
from starting materials of its own lime : silica ratio, even at the lowest temperature at which 
it can readily be obtained. At 180° and 200° mixtures of two or all three of the hydrates 
are commonly obtained (experiments 27, 97, 33, 32, and 35). These results show that, at 
any rate below 200°, it is extremely difficult to attain equilibrium. This almost certainly 
accounts for the wide variations in the ranges of temperature and other conditions reported 
by the earlier workers as giving one or the other hydrate. 

It is noteworthy that the hydrolysis of Ca,SiO, at temperatures between 100° and 200° 
always yields the «- and never the 6- or y-hydrate. It appears probable that in the 
presence of excess of calcium hydroxide the a-hydrate is the stable form over this range of 
temperature. 

Tricalcium silicate hydrate was not obtained in any of the present experiments. It is 
probable that the temperatures employed were inadequate for its formation, since Flint, 
McMurdie, and Wells (loc. cit.) only obtained it as the main product from Ca,SiO, at 250° 
and above. 

The Relation of Dicalcium Silicate B-Hydrate to Natural Hillebrandite.—While several 
of the earlier workers claimed to have synthesised hillebrandite, others (Flint, McMurdie, 
and Wells, Joc. cit.; Vigfussen, Bates, and Thorvaldson, loc. cit.) considered that dicalcium 
silicate 6-hydrate was not identical with the natural mineral. This view was, however, 
based on incorrect X-ray powder data for the natural mineral and, on the basis of a 
comparison of more recent data for both natural and artificial samples, Taylor and Bessey 
(loc. cit.) pointed out that the natural and the artificial material were closely similar, if not 
identical. 

In the present investigation comparison of an X-ray powder photograph of the natural 
mineral with that of sample 79, which was regarded as pure dicalcium silicate $-hydrate, 
showed a close resemblance extending even to the shortest spacings observed, but also 
some distinct differences. These include a general slight diminution of the spacings 
(Table 5). It is probable that, while the natural and artificial products are essentially 
similar, the structure of the former is very slightly modified by some kind of solid solution. 
To avoid confusion, it may be considered desirable to restrict the names hillebrandite and 
dicalcium silicate 8-hydrate to the natural and the artificial substance respectively. 
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481. The isoPropylidene Derivatives of Hexahydric Alcohols. 
Part I1I.* isoPropylidene Derivatives of w-Iditol. 


By E. J. Bourne, G. P. MCSWEENEY, and L. F. WIGGINs. 


Treatment of L-iditol with acetone and concentrated sulphuric acid is 
shown to give the 1 : 2-3 : 4-5 : 6-triisopropylidene derivative. Graded acidic 
hydrolysis of this compound yields 1 : 2-3 : 4-diisopropylidene L-iditol, 3 : 4- 
isopropylidene L-iditol, and L-iditol. Proofs of the structures of these three 
ketals are given and some of their derivatives are described. 


ALTHOUGH there is now available a considerable amount of information concerning the 
structures of the products which result from the condensation of aldehydes and ketones 
with polyhydric alcohols, little is known of the acetals and ketals of iditol. Indeed the 
only direct condensation between iditol and a carbonyl compound which has been studied 
in detail is that involving formaldehyde; Hann and Hudson (J. Amer. Chem. Soc., 1944, 
66, 1909; 1945, 67, 602) found that, when a mixture of L-iditol, 37°%, formaldehyde solution, 
and concentrated hydrochloric acid was evaporated at 25°, the principal product was 
2: 4-3 : 5-dimethylene L-iditol, which appeared to be identical with the methylene derivative 
of L-iditol prepared by Lobry de Bruyn and van Ekenstein (Rec. Trav. chim., 1900, 19, 1, 
178). Early references were made to a di- and a tri-benzylidene iditol (last reference was : 
Bertrand, Ann. Chim. Phys., 1907, [viii], 10, 450), but no structures were assigned to these 
compounds and, in view of the work of Hann and Hudson in the methylene series, there is 
some doubt whether a tribenzylidene iditol could, in fact, be prepared (cf. Barker and 
Bourne, J., 1952, 905). The only isopropylidene derivative of iditol recorded is 3(or 4)- 
methyl 1 : 2-5 : 6-ditsopropylidene D-iditol, which Bladon and Owen (J., 1950, 604) believed 
they had obtained, together with 3-methyl 1 : 2-5 : 6-ditsopropylidene D-mannitol, by treat- 
ment of 1 : 2-5: 6-ditsopropylidene 3: 4-anhydro-p-talitol with sodium methoxide. We 
now report the synthesis of 1 : 2-3: 4-5 : 6-tritsopropylidene L-iditol (I), and thence, by 
partial hydrolysis, of 1 : 2-3: 4-ditsopropylidene and 3: 4-¢sopropylidene L-iditol (II and 
III). 


CHyO. “H,-OH 
H 5 9 CMe, —OH 


———CMe, 
H—C—-YY : 


te coo tH 
~~ *“O—CH, CH,*OH 
(1) (IT) 


The sample of L-iditol employed had been prepared from L-sorbose by the method of 
Jones and Wiggins (J., 1944, 363), which involved hydrogenation in the presence of Raney 
nickel and separation of the resulting L-iditol and sorbitol by fractional crystallisation of 
their acetates. When L-iditol was shaken with dry acetone and concentrated sulphuric 
acid, a highly crystalline triisopropylidene derivative was obtained. Partial hydrolysis of 
the triketal with hydrochloric acid in aqueous ethy] alcohol and fractionation of the pro- 
ducts yielded unchanged starting material, a syrupy ditsopropylidene hexitol, a crystalline 
monotsopropylidene hexitol, and L-iditol. Confirmation that all three isopropylidene 
compounds were derivatives of L-iditol was obtained when they were converted, by 
hydrolysis and subsequent acetylation, into L-iditol hexa-acetate. 

Treatment of the monoisopropylidene L-iditol with sodium metaperiodate solution 
resulted in the rapid consumption of 2-0 mols. of oxidising agent and in the production of 
1-9 mols. of formaldehyde, which was isolated as its crystalline dimedone derivative ; 
these facts proved that the acetone residue spanned positions 3 and 4 of the hexitol molecule 
(III). In conformity with this conclusion, the major fragment of the oxidative cleavage 


* Part II, J., 1952, 1408. 
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was shown to be probably isopropylidene p-threodihydroxysuccindialdehyde (IV) by its 
conversion, with toluene-w-thiol and fuming hydrochloric acid, into the known crystalline 
bis(dibenzyl mercaptal) of p-threodihydroxysuccindialdehyde. The assignment of the 
ketal group of the monoisopropylidene L-iditol to the 3 : 4-position was in agreement with 
two other facts, namely, (a) that the compound readily gave a ditrityl ether (isolated as its 
crystalline diacetate) (cf. Helferich, Adv. Carbohydrate Chem., 1948, 3, 79), and (6) that its 
tetratoluene-f-sulphonate afforded 3-9 mols. of sodium toluene-p-sulphonate, together 
with iodine, when heated with sodium iodide in acetone at 100° for 5 hours. 

In the case of the ditsopropylidene L-iditol, too, it was possible to define the positions of 
the free hydroxyl groups by studying its oxidation with periodate, for the consumption 
of 1-0 mol. of the oxidising agent was accompanied by the production of formaldehyde, 
which was isolated after distillation in steam as its dimedone derivative (0-7 mol.). Thus 
positions 5 and 6 were not engaged by the acetone residues. (N.B. In the case of iditol it is 
not necessary to distinguish between the 1 : 2- and 5 : 6-positions.) The second product of 
the oxidation, diisopropylidene aldehydo-L-xylose, will be discussed in a later communic- 
ation. As confirmatory evidence that the ditsopropylidene L-iditol carried a terminal 
a-glycol group, it was shown that it gave a trityl ether under mild conditions, and that its 
crystalline ditoluene-f-sulphonate yielded 2-0 mols. of sodium toluene-pf-sulphonate, 
together with iodine, when treated with sodium iodide in acetone at 100° for 6 hours. 

There were still three possible arrangements (viz., 1 : 2-3: 4, 1: 3-2: 4, and 1: 4-2: 3) 
of the ketal groups in the diisopropylidene L-iditol which would have been in keeping 
with all of the above experimental facts, but two of these possibilities were eliminated when 
3: 4-isopropylidene L-iditol was obtained after acidic hydrolysis of the compound. Hence 
the acetone residues were located on the 1 : 2- and 3: 4-positions, so that the parent tritso- 
propylidene L-iditol, from which both the mono- and di-ketals were derived initially, must 
have possessed the 1 : 2-3: 4-5: 6-structure. Iditol is similar therefore to mannitol and 
sorbitol inasmuch as they all afford 1: 2-3: 4-5: 6-tritsopropylidene derivatives (cf. 
Wiggins, /., 1946, 13; Bourne, McSweeney, Stacey, and Wiggins, sbid., 1952, 1408); in 
each case, too, the «-rings are less stable during acidic hydrolysis than the «T-rings (for a 
definition of these symbols see Barker and Bourne, loc. cit.). 


EXPERIMENTAL 


L-Iditol Hexa-acetate from L-Sorbose.—t-Iditol hexa-acetate, prepared from L-sorbose by 
hydrogenation, acetylation, and fractional crystallisation, as described by Jones and Wiggins 
(loc. cit.), had m. p. 122°, [a]#? —25-9° (c, 1-4 in chloroform). Recorded constants are m. p. 
121-5°, [a] —25-7° (in chloroform) (Bertrand, Bull. Soc. chim., 1905, 38, 166), m. p. 119-5— 
120-5°, [«]}? —26-1° (in chloroform) (Meyer and Reichstein, Helv. Chim. Acta, 1946, 29, 152), 
and m. p. 122°, [a]}® —24-8° (in chloroform) (Jones and Wiggins, Joc. cit.). 

L-Iditol.—A suspension of L-iditol hexa-acetate (28 g.) in absolute methyl alcohol (150 c.c.), 
containing sodium methoxide (0-10 g.), was kept at room temperature for 20 hours, before being 
concentrated under diminished pressure to a syrup (11-6 g.), which partly crystallised in vacuo, 
and was used without further purification for the following experiments. 

L-Iditol Hexabenzoate.—A solution of L-iditol (0-50 g.) and benzoyl chloride (2-10 c.c.) in 
dry pyridine (4 c.c.) was kept at 20° for 20 hours, poured into ice-water, and extracted with 
chloroform. The extracts were washed with dilute sulphuric acid, sodium hydrogen carbonate 
solution, and water, dried (MgSO,), and concentrated to a syrup, which crystallised when tri- 
turated with alcohol. After two more crystallisations, L-iditol hexabenzoate (0-50 g.), m. p. 
142—143°, [a]? +48-5° (c, 1-8 in chloroform), was obtained as colourless prisms (Found : 
C, 71-2; H, 4-5. C,ygH,,0,, requires C, 71-5; H, 47%). 

1 : 2-3 : 4-5 : 6-Triisopropylidene L-Iditol.—t-Iditol (38 g.) was shaken with dry acetone 
(500 c.c.) and concentrated sulphuric acid (3-8 c.c.) until dissolution was complete (ca. 36 hours). 
The solution was neutralised with aqueous ammonia (d 0-880) and filtered. The combined 
filtrate and acetone washings (70 c.c.) were concentrated, in the presence of sodium carbonate, 
to a syrup, which was transferred in alcohol solution into excess of ice-water. The precipitate, 
recrystallised from aqueous acetone, gave | : 2-3: 4-5: 6-triisopropylidene L-iditol (32 g.), 
m. p. 57—58°, [a]? +5-8° (c, 5-5 in chloroform), [a] +12-2° (c, 3-3 in absolute ethanol) 
(Found : C, 59-5; H, 8-6. C,;H,,O, requires C, 59-6; H, 8-7%). 
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L-Iditol Hexa-acetate from 1 : 2-3 : 4-5 : 6-Triisopropylidene .-Iditol—A solution of the tri- 
isopropylidene derivative (0-80 g.) in 2N-hydrochloric acid (6 c.c.) was kept at 100° for 2 hours 
and then evaporated at 12 mm., to give a syrup (0-47 g.), which was acetylated in the usual way 
with acetic anhydride (3 c.c.) and fused sodium acetate (0-5 g.). The product, recrystallised 
from aqueous ethyl alcohol, gave L-iditol hexa-acetate (0-59 g.), m. p. and mixed m. p. 
119—120°. 

Graded Hydrolysis of 1 : 2-3 : 4-5 : 6-Trtisopropylidene L-Iditol.—A solution of 1 : 2-3 : 4-5 : 6- 
triisopropylidene L-iditol (20-1 g.) in a mixture of absolute ethyl alcohol (396 c.c.) and 10n- 
hydrochloric acid (4 c.c.) was kept at room temperature for 70 minutes, cooled to 0°, neutralised 
with lead carbonate, and filtered. The filtrate and alcoholic washings were evaporated at 12 mm. 
to a syrup (17-9 g.), which was transferred in a small yolume of alcohol into ice-water (250 c.c.), 
containing a trace of ammonia. The precipitate (3 g.), collected by filtration, had m. p. 57° 
alone or on admixture with 1 : 2-3 : 4-5: 6-triisopropylidene L-iditol; a second crop of this 
material was obtained when the solution was concentrated. Complete evaporation of the filtrate 
left a syrup, which was extracted with dry acetone; acetylation of the insoluble residue with 
fused sodium acetate—acetic anhydride afforded L-iditol hexa-acetate (1-0 g.). The syrup 
obtained when the acetone solution was concentrated was extracted with warm benzene (3 x 40 
c.c.), leaving an insoluble syrup (A; 5-1 g.); evaporation of the extracts gave another syrup 
(B; 85g.). 

Syrup (A), crystallised several times from dry acetone, yielded 3 : 4-isopropylidene .-iditol 
(0-73 g.), m. p. 90—91° (depressed on admixture with 3 : 4-isopropylidene sorbitol), [x]? + 41-7° 
(c, 3-5 in methyl alcohol) (Found: C, 48-9; H, 8-4. C,H,,O, requires C, 48-6; H, 8-2%). 

Fractional distillation of syrup (B) gave 1: 2-3: 4-diisopropylidene L-iditol (6-0 g.), b. p. 
186—140° (bath-temp.) /0-005 mm., [a]}? + 23-8° (c, 2-9 in ethyl alcohol) (Found: C, 54-8; 
H, 8-5. C,,H,.O, requires C, 54-9; H, 85%). 

.-Iditol Hexa-acetate from 1: 2-3: 4-Diisopropylidene t-Iditol and 3: 4-isoPropylidene t- 
Iditol—The mono- and di-isopropylidene derivatives (0-30 g.), when hydrolysed and then 
acetylated, as described above, gave L-iditol hexa-acetate (0-25 g. and 0-30 g., respectively), 
m. p. 121° alone or on admixture with an authentic specimen. 

2 : 5-Diacetyl 3: 4-isoPropylidene 1 : 6-Ditrityl L-Iditol—A solution of 3 : 4-isopropylidene 
L-iditol (0-33 g.) and triphenylmethy] chloride (0-83 g.) in pyridine (3 c.c.) was kept at 25° for 
20 hours before acetic anhydride (0-40 c.c.) was added. After a further 24 hours, the solution 
was poured into water, and the precipitate was collected by filtration. Several crystallisations 
from ethyl alcohol gave 2: 5-diacetyl 3: 4-isopropylidene 1 : 6-ditrityl L-iditol (1-05 g.), m. p. 
196—200°, [a]i? + 11-7° (c, 2-7 in pyridine) (Found: C, 77-2; H, 6-2. C,;,H;,O, requires C, 
77:5; H, 64%). 

3: 4-isoPropylidene 1:2: 5: 6-Tetratoluene-p-sulphonyl .-Iditol.—A solution of 3: 4-iso- 
propylidene L-iditol (0-30 g.) and toluene-p-sulphonyl chloride (1-55 g.) in pyridine (3 c.c.) 
was kept at 25° for 20 hours, poured into ice-water, and extracted with chloroform. The 
extracts were washed with 0-5N-sulphuric acid at 0°, sodium hydrogen carbonate solution, and 
water, dried (MgSO,), filtered, and evaporated, to give 3: 4-isopropylidene 1: 2: 5: 6-tetra- 
toluene-p-sulphonyl L-iditol as a glass (1-05 g.), [x]?! +10-0° (c, 4-0 in chloroform) (Found : 
C, 53-1; H, 5-3; S, 15-0. C3,Hy,.0O,,S, requires C, 53-0; H, 5-0; S, 15-3%). 

Treatment of 3: 4-isoPropylidene 1:2: 5: 6-Tetratoluene-p-sulphonyl .-Iditol with Sodium 
Iodide.—The toluene-p-sulphonate (0-16 g.) was heated with sodium iodide (0-17 g.) in dry 
acetone (10 c.c.) at 100° for 5 hours, during which an iodine colour developed. The precipitated 
sodium toluene-p-sulphonate was collected, washed with a small volume of dry acetone, and 
dried at 110°; it corresponded to an exchange of 3-86 toluene-p-sulphonyloxy-groups per mole- 
cule of the iditol derivative. 

Periodate Oxidation of 3: 4-isoPropylidene .-Iditol—(a) Amount of periodate consumed. 
An aqueous solution of 3: 4-isopropylidene L-iditol (0-032 g.) was mixed with 0-30M-sodium 
metaperiodate (10 c.c.) and then diluted to 50 c.c. The iditol derivative was omitted from a 
similar control solution. Portions (2 c.c.) of the reaction mixture and of the control solution 
were withdrawn at intervals; each portion was mixed immediately with a solution of sodium 
hydrogen carbonate (0-50 g.) and potassium iodide (1-0 g.) in water (50 c.c.), and the iodine 
liberated was titrated against sodium arsenite solution (cf. Jackson, Org. Reactions, 1944, 2, 341). 
The number of moles of periodate consumed per mole of 3 : 4-isopropylidene L-iditol was: 1-85 
(1-5 minutes), 1-96 (2-5 minutes), 2-02 (4-5 minutes), and 2-12 (61 minutes). 

(b) Determination of formaldehyde produced. 3: 4-isoPropylidene L-iditol (0-028 g.) was 
oxidised with periodate, and the formaldehyde produced was isolated as its dimedone derivative 
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(m. p. 188°), as described by Reeves (J. Amer. Chem. Soc., 1941, 68, 1476). The yield of the 
dimedone compound corresponded to the production of 1-91 moles of formaldehyde per mole of 
3 : 4-isopropylidene L-iditol. 

(c) Isolation of v-threodihydroxysuccindialdehyde bis(dibenzyl mercaptal). A solution of 
3 : 4-isopropylidene L-iditol (0-50 g.) and sodium metaperiodate (1-10 g.) in water (10 c.c.) was 
kept at room temperature for 20 hours, saturated with sodium chloride, and evaporated at 
40°/12 mm. in the presence of sodium hydrogen carbonate (0-25 g.). The residue was extracted 
with chloroform; the extracts were dried (MgSO,), filtered, and evaporated, leaving a glass 
(0-25 g.). Part (0-10 g.) of the product was shaken with toluene-w-thiol (0-20 c.c.) and fuming 
hydrochloric acid (1 c.c.) for 4 hours before the mixture was diluted with water and extracted 
with chloroform. The extracts were washed with dilute sodium hydroxide solution and then 
with water, dried (MgSQ,), filtered, and evaporated to a syrup, which crystallised from ethyl 
alcohol in silky needles, [«}}f +70-0° (c, 1-2 in pyridine), m. p. 101° alone or on admixture with a 
specimen of p-threodihydroxysuccindialdehyde bis(dibenzyl mercaptal) prepared from 3: 4- 
cyclohexylidene D-mannitol by a similar process (Bourne and Corbett, unpublished). 

1: 2-3: 4-Diisopropylidene 5 : 6-Ditoluene-p-sulphonyl .-Iditol—A solution of 1 : 2-3: 4- 
diisopropylidene L-iditol (0-40 g.) and toluene-p-sulphonyl chloride (0-70 g.) in pyridine (2 c.c.) 
was kept at 30° for 2 days, poured into ice-water, and extracted with chloroform. The extracts 
were washed successively with 0-1N-sulphuric acid at 0°, sodium hydrogen carbonate solution, 
and water, dried (MgSQ,), filtered, and evaporated to a syrup, which crystallised from methyl 
alcohol. Two recrystallisations from aqueous methyl alcohol gave colourless needles (0-33 g.) 
of 1: 2-3: 4-diisopropylidene 5 : 6-ditoluene-p-sulphonyl -iditol, m. p. 113—114°, [a]# +11-5° 
(c, 2-8 in pyridine) (Found: C, 55-0; H, 6-2; S, 11-0. CyggH3,0,9S, requires C, 54-7; H, 6-0; 
S, 11-2%). 

eakient of 1:2-3:4-Diisopropylidene 5 : 6-Ditoluene-p-sulphonyl .-Iditol with Sodium 
Iodide.—The ditoluene-p-sulphonate (0-12 g.) was heated for 6 hours at 100° with sodium iodide 
(0-13 g.) in dry acetone (5 c.c.), iodine being liberated. The precipitated sodium toluene-p- 
sulphonate was collected by filtration, washed with acetone, and dried at 110°; it represented an 
exchange of 2-00 toluene-p-sulphonyloxy-groups per molecule of the diisopropylidene compound. 

5-Acetyl 1 : 2-3 : 4-Diisopropylidene 6-Trityl L-Iditol.—A solution of 1 : 2-3 : 4-diisopropyl- 
idene L-iditol (0-33 g.) and triphenylmethyl chloride (0-35 g.) in pyridine (2 c.c.) was kept at 
room temperature for 24 hours before acetic anhydride (0-26 c.c.) was added. After a further 
20 hours, the solution was poured into ice-water, and the precipitate was collected 2 days later. 
It was purified by precipitation (as a gel) from methanol with a few drops of water, and was 
hardened with water. A repetition of the purification procedure gave 5-acetyl 1 : 2-3: 4- 
diisopropylidene 6-trityl L-iditol (0-20 g.) as an amorphous solid, which, after being dried cver 
phosphoric anhydride, had m. p. 117—120°, [a}}? +7-9° (c, 3-3 in pyridine) (Found: C, 72-2; 
H, 6-8. C,,H,,0, requires C, 72-5; H, 7-0%). 

Periodate Oxidation of 1 : 2-3 : 4-Diisopropylidene L-Iditol._—(a) Amount of periodate consumed. 
1 : 2-3 : 4-Diisopropylidene L-iditol (0-058 g.) was oxidised with sodium metaperiodate, and the 
excess of the oxidising agent was determined, at intervals, by titration with sodium arsenite, as 
described above. The number of mols. of periodate consumed was: 0-74 (1 minute), 0-88 
(2 minutes), 0-94 (3-3 minutes), 0-98 (4-5 minutes), and 0-98 (24 minutes). 

(b) Determination of formaldehyde. The diisopropykdene compound (0-029 g.) was oxidised 
with periodate and an attempt was made to isolate the resulting formaldehyde as its dimedone 
derivative, following the procedure recommended by Reeves (loc. cit.). The product, which 
corresponded in weight to the production of 1-69 mols. of formaldehyde, had m. p. 174—184° 
and was probably a mixture of the dimedone derivatives of formaldehyde and 2 : 3-4 : 5-diiso- 
propylidene aldehydo-L-xylose. 

In a second experiment, an aqueous solution (2 c.c.) of 1 : 2-3 : 4-diisopropylidene L-iditol 
(0-064 g.) was mixed with 0-2M-sodium periodate (5 c.c.) and kept at room temperature for 2 hours 
before being steam-distilled at 8 cm. The dimedone derivative prepared from the distillate 
corresponded in weight to the production of 0-72 mol. of formaldehyde, and had m. p. 188° 
alone or on admixture with an authentic specimen of the dimedone derivative of formaldehyde. 

3: 4-isoPropylidene L-Iditol from 1: 2-3: 4-Diisopropylidene .-Iditol.—A solution of 1 : 2- 
3 : 4-diisopropylidene L-iditol (1-03 g.) in a mixture of ethyl alcohol (18 c.c.) and N-hydrochloric 
acid (2 c.c.) was kept at room temperature for 82 minutes, cooled to 0°, neutralised with lead 
carbonate, and centrifuged. The combined supernatant liquid and ethyl alcohol washings were 
evaporated at 12 mm. to a syrup (0-94 g.), which was extracted with dry acetone. The extracts 
were evaporated to a syrup, which was then extracted with warm benzene. The insoluble 
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portion was crystallised twice from dry acetone, to give 3 : 4-isopropylidene L-iditol (0-20 g.), 
m. p. 90° alone or on admixture with the specimen mentioned above. 


The authors are indebted to Professor M. Stacey, F.R.S., for helpful criticisms, to the 


Colonial Products Research Council for financial assistance, and to Miss E. Fowler for carrying 
out the microanalyses. 
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482. Addition Reactions of Quinones. Part II.* The So-called Un- 
catalysed Addition of Acetyl Chloride to Benzoquinone and Tolu-2 : 5- 
quinone. 


By H. Burton and P. F. G. PRAILL. 


Acetyl chloride reacts with p-benzoquinone in the presence of traces of 
water or zinc chloride to give a mixture of quinol, chloroquinol, and dichloro- 
quinol diacetates. In the absence of these catalysts the reaction is slow and 
with tolu-2 : 5-quinone may not occur at all. A mechanism for the reaction 
is proposed. 


In the so-called uncatalysed reaction of acetyl chloride with certain quinones we have 
observed that at the beginning of the reaction separation of a dark solid, which is un- 
doubtedly a ‘‘ quinhydrone,’’ usually occurs; this phenomenon is not observed in the 
Thiele acetylation reaction. Schulz (Ber., 1882, 15, 652) has investigated the action of 
acetyl chloride on #-benzoquinone and thymoquinone (see also Erdtman, Proc. Roy. Soc., 
1933—34, A, 143, 177), and more recently Oliverio (Gazzetta, 1948, 78, 105) has shown that 
the reaction is not a general one. We have re-investigated the reaction with p-benzo- 
quinone and to some extent have confirmed Schulz’s findings (loc. cit.) that the reaction 
products are quinol, chloroquinol, and 2: 5-dichloroquinol diacetates. We have not 
been able to devise a really satisfactory method of separation of these acetates, either as 
such or by their conversion (via hydrolysis and oxidation) into the corresponding quinones. 
However, it is apparent from our work that the major product is chloroquinol diacetate. 
An interesting feature regarding this reaction is that under anhydrous conditions the 
reaction with ~-benzoquinone is very slow unless the hydrogen chloride which is evolved 
is prevented from leaving the sphere of the reaction (cf. Graebe, Annalen, 1868, 146, 13, 23). 
For example, only 17-5°%, of converted material is obtained after 4 hours’ refluxing, but on 
passage of dry hydrogen chloride for a short time, or on addition of a small drop of water, a 
vigorous reaction occurs and this is then complete within 30 minutes. Tolu-2 : 5-quinone, 
which does not react with acetyl chloride alone on 4 hours’ boiling, reacts slowly on addition 
of a drop of water to give 2: 5-diacetoxy-4-chlorotoluene and much uncrystallisable 
material which contains unchanged toluquinone. 1: 4-Naphthaquinone under similar 
conditions gives an almost black polymeric material (cf. Knapp and Schultz, Annalen, 1881, 
210, 178). 

From our work (J., 1951, 726) on the C-acetylation of anisole with acetyl chloride in the 
presence of small amounts of metallic chlorides, we were of the opinion that the observations 
of earlier workers might be explained if they had used impure acetyl chloride. Experi- 
ments with benzoquinone and acetyl chloride containing from 0-025 to 0-1°%, of zinc chloride 
(introduced as pure zinc acetate) showed that the reaction followed a similar course to that 
when a trace of water was used. The reaction was, however, much more vigorous, and 
separation of the ‘‘ quinhydrone ’’ did not occur unless external cooling was applied. 

It is apparent from our results that the system acetyl chloride-quinone is not a simple 
one. The most probable mechanism for the formation of chloroquinol diacetate appears to 
us to be the addition of hydrogen chloride (see especially Carstanjin, J. pr. Chem., 1881, 23, 
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432; Clark, Amer. Chem. J., 1892, 14, 574; Schmidlin, Ber., 1911, 44, 1700), followed by 
acetylation of the intermediate chloroquinol. Support for this view has been obtained by 
the isolation of free chloroquinol from experiments with p-benzoquinone (1 mol.) and acetyl 
chloride (4 mols.) containing a trace of zinc salt, when the reaction was allowed to proceed 
uncontrollably, 7.e., so that the excess of acetyl chloride was removed in the volatile 
products. The formation of chloroquinol occurs in the presence of benzoquinone and con- 
sequently the possibility of dehydrogenation is presented. The chloroquinone thus pro- 
duced could then add hydrogen chloride with formation of the dichloroquinol. The latter 
would be acetylated together with quinol—which must be formed in the dehydrogenation 
process. It is pertinent that the chlorine content of the mixed product from benzoquinone 
corresponds to that calculated for the monochloroquinol diacetate. The ratio of mono- 
chloro- to dichloro-compound and quinol must vary according to the rate of loss of hydrogen 
chloride from the mixture and to the relative rates of acetylation and dehydrogenation. 
However, the amount of dichloroquinol produced would not be expected to be very large 
since it is known that a chlorine atom raises the oxidation-reduction potential of the 
parent quinone; accordingly the oxidation of chloroquinol by benzoquinone should not 
occur to any appreciable extent. 

The mechanism of the reaction catalysed by zinc chloride is not so readily interpreted 
but a reaction of the Thiele type (J., 1952, 755) would undoubtedly play an important part 
in initiating the main reaction. It must be noted that, once the reaction has been initiated, 
evolution of hydrogen chloride is progressive. 

We cannot agree with the mechanism for the chlorination-acetylation reaction put 
forward by Oliverio (loc. cit.). It appears highly improbable that an intermediate of type (I) 

Cl OAc 
OAc 
OY 
Ac 


(II) 
1 OAc 


is produced and that this undergoes rearrangement with elimination of hydrogen chloride 
to yield chloroquinol diacetate (II). 

Our experiments led in all cases to mixed products which were not readily separable 
by either fractional crystallisation or sublimation in a high vacuum. The melting points 
of some of the products isolated were often slightly lower than those of the pure com- 
pounds; identity was, however, controlled by mixed melting point determinations with 
samples of known purity. 


EXPERIMENTAL 


‘“‘ AnalaR ”’ acetyl chloride was used in all the experiments. 

Reactions with p-Benzoquinone.—(a) The quinone (0-05 g.-mol.) and acetyl chloride (0-2 g.- 
mol.) began to deposit a dark green solid almost immediately after mixing. On warming, the 
solid redissolved with evolution of hydrogen chloride ; the reaction was vigorous when a drop of 
water was added to the dry mixture, or when no precautions were taken to exclude moisture. 
After 30 minutes’ refluxing on a steam-bath the excess of acetyl chloride was distilled from the 
clear solution. The residue (11-3 g.) solidified on cooling (Found: Cl, 15-0. Cale. for 
C,oH,O,Cl: Cl, 15-5%). When the crude material was allowed to crystallise slowly from 
methanol a mass of crystals (4 g.) was obtained which consisted of : (A) large colourless prisms 
(at least 2-3 g.), m. p. (after crystallisation from ether) 70—71°, which did not depress the m. p. 
of chloroquinol diacetate ; and (B) fine needles, m. p. 114°, which did not depress the m. p. of 
2 : 5-dichloroquinol diacetate. Evaporation of the mother-liquors gave an oil which could not 
be induced to crystallise. 

A better separation of the dichloro-compound was obtained by allowing the original mixture 
to cool before removing the acetyl chloride. The material which crystallised (1 g.) contained 
a considerable amount of 2: 5-dichloroquinol diacetate, m. p. 135°. A little material, m. p. 
114— 115°, was obtained from the acetyl chloride soluble portion, which did not depress the 
m. p. of quinol diacetate. 
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(6) A similar experiment carried out with carefully dried materials and under anhydrous 
conditions for the same time gave slightly impure p-benzoquinone (0-028 g.-mol.), m. p. 112°. 

(c) In another experiment the mixture was refluxed in an oil-bath (ca. 80°) (to avoid 
extraneous moisture) for 2 hours. After removal of the excess of acetyl chloride the residue was 
suspended in water and treated with sulphur dioxide to remove unchanged quinone. The 
insoluble residue (2 g., 17-5%) crystallised from alcohol in colourless needles, which softened 
over a wide range and gave a clear melt at 104°. 

(d) In a further experiment the reagents were mixed as before under rigorously dry con- 
ditions and dry hydrogen chloride was passed into the boiling mixture for about 10 minutes. 
Shortly afterwards the mixture became lighter in colour, a mild exothermic reaction occurred 
and the “‘ quinhydrone ”’ dissolved with evolution of hydrogen chloride. After a total time of 
20—25 minutes the mixture was allowed to cool and set aside overnight. The crystalline 
material (C) (3-9 g.) was filtered off and the solution was evaporated, to yield solid (D) (7-7 g.). 

On fractional crystallisation from ether, (C) yielded needles (1 g.), m. p. 133—136°, raised to 
140° by recrystallisation from 96% alcohol (Found: Cl, 27-2. Calc. for C,gH,O,Cl,: Cl, 
27-0%). 

Similarly (D) gave a mixture of chloroquinol diacetate as colourless prisms, m. p. 70—71°, 
and needles (1-5 g.), which on recrystallisation from methanol gave colourless flakes, m. p. 
119—120°, which did not depress the m. p. of quinol diacetate. 

(e) Acetyl chloride (0-2 g.-mol.) containing zinc acetate (41 mg.) was refluxed under 
anhydrous conditions for 2—24 hours to remove any dissolved hydrogen chloride. The quinone 
(0-05 g.-mol.) was added to the cold mixture and within approx. 30 seconds a vigorous reaction 
occurred with evolution of hydrogen chloride. After refluxing for } hour, volatile products 
were removed in a vacuum; the residue solidified when kept. Crystallisation from alcohol 
gave a fraction (3-8 g.) which yielded 2 : 5-dichloroquinol diacetate (0-8 g.), m. p. and mixed 
m. p. 138—139°, and quinol diacetate (0-3 g.), m. p. and mixed m. p. 120—121°; the remaining 
solid was mainly chloroquinol diacetate (m. p. and mixed m. p.). Complete removal of the 
solvent from the mother-liquors gave a water-soluble solid (5-2 g.), from which chloroquinol 
(1-2 g.), m. p. 100°, was obtained by fractional crystallisation from benzene. This was 
characterised by conversion into the diacetate (m. p. and mixed m. p.). 

(f) When the previous experiment was repeated with 8 mg. of zinc acetate and control of 
the reaction by external cooling (ice-bath), some ‘‘ quinhydrone ’’ formation occurred. By 
using a very efficient condensing system, loss of acetyl chloride was restricted and the only 
products isolated were quinol, chloroquinol, and 2 : 5-dichloroquinol diacetates. 

Reactions with Tolu-2 : 5-quinone.—(a) When a solution of the quinone (0-025 g.-mol.) 
in acetyl chloride (0-1 g.-mol.) was boiled for 4 hours the solution became slightly lighter in 
colour but otherwise little change was observed. Removal of the acetyl chloride by evaporation 
left a residue of essentially unchanged quinone. 

(6b) When a drop of water was added to the above mixture some deepening of the colour was 
observed but no solid separated. After refluxing for 30 minutes or for 4 hours the excess of 
acetyl chloride was evaporated; the residue solidified on cooling. Recrystallisation from 
alcohol and then from methanol gave long colourless prisms of 2 : 5-diacetoxy-4-chlorotoluene 
(1-3 g.), m. p. and mixed m. p. 112—113°. 

Vacuum-distillation of the syrup obtained by evaporation of the mother-liquors, gave some 
unchanged quinone. 

(c) When small amounts of zinc acetate were used under the same conditions as for p-benzo- 
quinone, a vigorous reaction occurred. The product was, however, so intractable that it was 
not possible to separate more than small amounts of 2 : 5-diacetoxy-4-chlorotoluene and (?) 
2 : 5-diacetoxy-3 : 4-dichlorotoluene. No 2: 5-diacetoxy-3-chlorotoluene was isolated (cf. /., 
1952, 757). 


We thank Imperial Chemical Industries Limited for a grant towards the cost of this 
investigation. 
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483. Organometallic and Organometalloidal Fluorine Compounds. Part 
IV.* Ultra-violet and Infra-red Spectra of Bistrifluoromethyl Sulphide, 
Bistrifluoromethyl Disulphide, and Related Compounds. 


By G. R. A. Branpt, H. J. EmMevtus, and R. N. HASZELDINE. 


The ultra-violet and infra-red spectra of (CF;),S and (CF,),S, are 
recorded, discussed, and compared with new data on the related compounds 
(CHs)2S, (CH5)2S2, (CzHs)_5,, and (n-C,Hy4) Sq. 


In Part III * the synthesis of bistrifluoromethyl disulphide and sulphide was described. 
The structures assigned are supported by the spectroscopic data now reported. The 
positions of the maxima in the ultra-violet spectra of bistrifluoromethyl disulphide and 


TABLE l. 
Compound Solvent * A, max. y A, min. e, min. 
Vapour 235 : 21: 110 
Vapour 253 ‘ 115 
Ethanol 254-5 : 22 205 
203 
Petrol 255-5 
207 
(C,H5)5- Ethanol ! 251-5 
202 
Petrol 250 
206 
(n-C4Hy)S, Ethanol 251-5 


Petrol 


(iso-C5H 34)S9 Ethanol ? 
cycloHexyl disulphide Ethanol ? p 560 230 
Polyethyleneformal disulphide Dioxan *# Inflection 250, e 710 


Cystine Ethanol * 
Oxidised glutathione Ethanol ¢ 


1 Ley and Arends, Z. physikal. Chem., 1932, B, 15, 311, report A, max. 249 my, ¢ 430. * Koch, /., 
1949, 394. % Anslow and Foster, J. Biol. Chem., 1932, 97, 37. * Anslow and Lyman, /. Opt. Soc. 
Amer., 1941, 31, 114. 


* Petrol = light petroleum, b. p. 68—70°, freed from olefinic impurities. 


certain alkyl disulphides are compared in Table 1. These data show that the ultra-violet 
spectra of saturated aliphatic disulphides in solution are characterised by a broad maximum 
near 250 my (absent in saturated aliphatic sulphides) accompanied by high-intensity 
absorption at short wave-length. The position and intensity of the maximum at longer 
wave-length are not affected appreciably by change in dielectric constant of the solvent, 
whereas the short wave-length maximum decreases in intensity and moves to the red by 
ca. 4 my on change from ethanol to the less polar solvent light petroleum. The long 
wave-length maximum for dimethyl disulphide vapour is at the same position as in 
solution, but no short wave-length maximum is apparent down to 202 mu; apparently a 
solvent is necessary to bring this maximum within the range of the instrument. 

The peak near 250 my can be attributed to conjugation between unshared electrons on 
the sulphur atoms, and resonance forms may be postulated in which sulphur expands its 
valency shell to ten or more electrons. Bistrifluoromethyl disulphide vapour absorbs at 
appreciably lower wave-length than does dimethyl disulphide and a high-intensity 
absorption could not be detected down to 203 my. Clearly, the strongly electronegative 
CF, groups reduce considerably the conjugation between the non-bonding electrons on the 
sulphur atoms. It may be noted that the co-ordinating power of bistrifluoromethy] 
disulphide is much less than that of dimethyl disulphide, since the latter forms addition 
compounds with methyl iodide [(CH,),SI; Hilditch and Smiles, J., 1907, 91, 1394] and 
with chlorine [(CH,)S,Cl, ; Rieche, Annalen, 1854, 92, 353), whereas similar compounds from 
bistrifluoromethy] disulphide and methy] iodide, trifluoroiodomethane, or chlorine could not 

* Part III, J., 1952, 2198. 
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be obtained. The perfluoroalkylamines and ethers (Haszeldine, J., 1950, 1966; 1951, 102; 
Research, 1951, 4, 338) similarly show greatly reduced basicity and absence of co-ordinating 
power. 

The spectrum of bistrifluoromethyl sulphide vapour resembles the solution spectra of 
dimethyl sulphide. The low wave-length absorption of the fluoro-compound is much 
reduced in intensity relatively to that of the hydro-compound, however, The fine structure 
shown by dimethyl sulphide vapour (Table 2), and which is not shown by the fluoro- 
analogue, disappears when the alkyl sulphide is in solution, and a characteristic high- 
intensity absorption in the near ultra-violet accompanied by a low-intensity inflection at 
ca, 230 my becomes apparent (cf. Fehnel and Carmack, J. Amer. Chem. Soc., 1949, 71, 84). 
As noted for the alkyl disulphides, a change in solvent from ethanol to light petroleum 
causes a marked shift to the red, accompanied by a decrease in intensity. 


TABLE 2. 
Solvent A, max. . A, min. eé, min. Solvent A, Max. €, max. A, min. ¢, min. 
Dimethy] sulphide. 

227-5 214-5 455 212-5 290 
226 203 2350 — — 
223-5 Ethanol... 207 960 — — 
222 Inflection 230 my, e 90 
220-5 Petrol 214 620 — 
218-5 Inflection 231 my, e 80 
217 


Bistrifluoromethy] sulphide. 


The infra-red spectrum of bistrifluoromethy] disulphide is shown in Fig. 1. The available 
spectroscopic data on compounds containing S-S and C-S bonds have been collected in 
Table 3. 


TABLE 3. 
S-S C-S 
stretching stretching 
Compound vibration (u) vibration (pu) Reference 


14-51 Trotter and Thompson, /J., 1946, 481 


15-9 Sheppard, Trans. Faraday Soc., 1950, 
, 429 


15-85 
tert.-Bu,S, 17-6 
(CoHy1)252 . : ; i 
Aromatic disulphides, thiosulphonates, 
sulphones, and sulphoxides 0 14-3—16-7 Cymerman and Willis, J., 1951, 1332 
Liquid sulphur — Venkateswaran (Proc. Indian Acad. 
Sci., 1936, A, 4, 34) 
Feher and Baudler (Z. Elektrochem., 
1941, 47, 844) 


144° Trotter and Thompson, loc. cit. 
15-6 » ”» "y 
15-4 Trotter and Thompson, Joc. cit. 
15-4 ” ” ” 
15-3 4 Randall, Fowler, Fuson, and Dangl, 
15 44 “Infra-red Determination of Or- 
15-3 ‘ ganic Structures,’ van Nostrand 
Co., New York, 1949, 203—207 
Aliphatic thiols 14-3—16-65 Trotter and Thompson, Joc. cit. 
1 Substantiated at 14-53 » by our own work. * Raman data. * Confirmed at 14-6 w by our own 
work. ‘ Assignments made by the present authors from spectra recorded by Randall, Fowler, Fuson, 
and Dangl (op. cit.). 


The data in Table 3 indicate that for m- and sec.-alkyl sulphides, disulphides, etc., 
the carbon-sulphur stretching frequency lies in the range 14-3—16-7 yu, and that in alkyl 
disulphides the sulphur-sulphur stretching vibration lies in the range 19-3—19-6 u. 

The bands at 7-69—9-56 u in the infra-red spectrum of bistrifluoromethy] disulphide are 
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due to carbon-fluorine stretching, with possible overtones and combination frequencies 
at 4:34 and 4:39. These strong bands in the 8—9-5-u region of the spectrum have been 
observed in a wide variety of fluorine compounds (Haszeldine, forthcoming 
communication), and in this instance are typical of compounds containing a CF, group. 

The doublet at 13-12 and 13-18 u is tentatively attributed to the carbon-sulphur 
stretching vibration (cf. CF,Cl carbon-chlorine stretching vibration, below), and the band 
at 18-25 u is believed to be caused by the sulphur-sulphur stretching vibration, although, 
like the 13-15-u doublet, it might be caused by a CF, deformation frequency. 

Thus, the introduction of fluorine into dimethyl disulphide causes a marked increase in 
the carbon-sulphur (690 to 759 cm.~) and the sulphur-sulphur (517 to 545 cm.~}) stretching 


Fic. 1. Bistrifluoromethyl disulphide. Vapour in 50-mm. cell. 
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Fic. 2. Bistrifluoromethyl sulphide. Vapour in 50-mm. cell. 
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frequencies, which lie well outside the 600—700-cm. and 510—517-cm.* ranges indicated 

above as ‘‘ characteristic’’ for alkyl compounds. Again, if the 18-35 band has been 

assigned correctly, the fact that it is due to the S-S bond indicates that 

Fs ‘ if there is restricted rotation about the S-S bond, then not all of the 

i \cr, molecules of bistrifluoromethyl disulphide can be in the “trans” 

configuration (inset) which has a centre of symmetry. The low intensity 

of the S-S frequency has been attributed by Sheppard (loc. cit.) to the fact that the 
symmetrical vibration of this linkage involves little change in electric moment. 

The infra-red spectrum of bistrifluoromethy] sulphide is shown in Fig. 2. The bands at 
7-66—9-25 » with weak overtone or combination bands at 4-27, 4-33, and 4-47 uw are again 
typical of the CF, groups. The doublet at 13-10 and 13-15 is assigned to the carbon-— 
sulphur stretching frequency, and is in excellent agreement with the corresponding band 
in bistrifluoromethyl disulphide. The similarity of these C-S stretching frequencies 
indicates that the force constants have changed in a similar manner on introduction of 
fluorine. The absence of a band at 6-53 » in the monosulphide indicates that this band in 
the disulphide is not an overtone of the carbon-sulphur stretching frequency. 

The marked increase in the carbon-sulphur stretching frequency (690 to 760 cm.~!) in 
bistrifluoromethyl disulphide and bistrifluoromethyl sulphide may be attributed to an 
increase in force constant. Trotter and Thompson (loc. cit.) and Sheppard (loc. cit.) 
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observed a decrease in the carbon-sulphur stretching frequency on passing from methyl 
to dialkyl to dibenzy] or diallyl type sulphides or disulphides, and Sheppard concludes that 
there is a qualitative decrease in force constant in compounds of the series methyl, primary 
alkyl, secondary alkyl, tertiary alkyl, allyl, benzyl. This decrease in carbon—sulphur bond 
strength is in agreement with the chemical properties of Sy-unsaturated sulphides, which, 
for example, undergo hydrogenolysis with nascent hydrogen (Farmer and Shipley, 
J. Polymer Sci., 1946, 1, 300) and are unstable to thermal or alkaline treatment (Hinsberg, 
Ber., 1931, 64, 2500). The increase in force constant suggested here for the increase in 
C-S stretching frequency of the trifluoromethyl sulphides would also be qualitatively in 
accord with their chemical properties. Both are extremely stable to heat and to attack by 
many reagents. 

Sheppard (loc. cit.) pointed out that similar frequency and force-constant variations 
occur with C-S and C-Cl bonds, and showed the correspondence between the C-S and 
C-Cl stretching frequencies, ¢.g., vo-s and vo-c; for thiols and chlorides are : methyl, 702, 
712; ethyl, 659, 655; n-propyl, 652, 651; sec.-propyl, 628, 612; tert.-butyl, 587, 570; 
allyl, 590, 594. A similar correspondence is found between the C-S stretching frequency 
of bistrifluoromethy] sulphide and disulphide (760 cm.) and the carbon-chlorine stretching 
frequency in chlorotrifluoromethane (783 cm.) and other perfluoroalkyl chlorides 
(Thompson and Temple, J., 1948, 90, 1422; Haszeldine, unpublished). 


Experimental.—Apparatus. The ultra-violet spectra were recorded by Beckman Model DU 
and Unicam Spectrophotometers. Sealed silica cells were used for vapours. Pressures were 
read to +0-5 mm. and the molar extinction coefficient, ¢, was calculated from the equation 

e = 760 x 22-4 x DT/273 lp 
where D = optical density, 7 = temperature (°K), / = cell length (cm.), and p = pressure (mm.). 

The infra-red spectra in the region 2—15 uw were taken by a Perkin-Elmer Model 21 Double 
Beam Instrument with sodium chloride optics, with cells of length ca. 50 mm. The spectrum 
of bistrifluoromethy] disulphide in the, potassium bromide region of the spectrum was recorded 
on a Hilger double-beam instrument with potassium bromide optics; the authors thank 
Dr. N. Sheppard for recording the spectrum in this region, for valuable discussion, and for 
gifts of dimethyl and diethyl disulphides. Dimethyl sulphide was a redistilled commercial 
sample. 

One of the authors (G. A. R. B.) was the grateful recipient of a British Council Scholarship for 
Finland. 
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484. Organometallic and Organometalloidal Fluorine Compounds. 
Part V.* Trifluoromethyl Compounds of Arsenic. 


By G. R. A. Branpt, H. J. EMevftus, and R. N. HAszELDINE. 


Interaction of arsenic and trifluoroiodomethane at 220—240° yields tris- 
trifluoromethylarsine, As(CF;),, and iodobistrifluoromethylarsine, As(CF;),I. 
Both arsines are rapidly and quantitatively hydrolysed to fluoroform by 
aqueous alkali, but are stable to water and to acid at moderate temperatures. 
The monoiodo-compound reacts with mercury at room temperature to give 
tetrakistrifluoromethyldiarsine (CF;),As*As(CF,),, the hydrolysis of which 
yields fluoroform, fluoride, and carbonate; a reaction mechanism is proposed. 


ARSENIC reacts with fluoroiodoalkanes to yield perfluoroalkyl arsenicals, and the present 
communication deals specifically with trifluoromethyl] arsenicals. High yields of trifluoro- 
methylarsines are obtained when finely divided arsenic is heated with trifluoroiodomethane 
at temperatures above 200°. Trifluoromethyl radicals can be produced by the use of ultra- 
violet light at room temperature (Part I, J., 1949, 2948), but their reaction with arsenic 
under these conditions is slow. Although the perfluoroalkyl Grignard reagents described 
recently (Haszeldine, Nature, 1951, 167, 139; 1951, 168, 1028) should prove to be of use for 


* Part IV, preceding paper. 








[1952] Organometalloidal Fluorine Compounds. Part V. 2553 


the preparation of perfluoroalkyl arsenicals, the other normal methods for the preparation 
of arsenic compounds from organic iodides (e.g., by reaction with sodium arsenide) are, in 
general, not applicable to the fluoro-compounds. 

The reaction of trifluoroiodomethane with arsenic at the optimum temperature of 
220—240° yields tristrifluoromethylarsine as the main product, together with iodobistri- 
fluoromethylarsine, di-iodotrifluoromethylarsine, and arsenic tri-iodide. If the iodo- 
compounds are heated, the equilibrium is again set up : 


2CF,°AsI, == (CF,),AsI + Asl, 
2(CF,),AsI = (CF;),As + CF;,Asl, etc. 


Similarly, tristrifluoromethylarsine reacts with iodine to yield mono- and di-iodotrifluoro- 
methylarsines, arsenic tri-iodide, and trifluoroiodomethane : 


(CF,),As = (CF,),AsI + CF,AsI, + Asl, + CFyl 


These equilibria are being studied further, since it appears that the high percentage of 
tristrifluoromethylarsine formed when arsenic is heated with trifluoroiodomethane is due to 
disproportionation reactions. Disproportionation of other substituted arsines, particularly 
those involving negative substituents, has been reported. Thus, 2-furyldichloroarsine and 
di-2-furylchloroarsine yield tri-2-furylarsine and arsenic trichloride at 150° (Morgan, 
Cragoe, Elpern, and Hamilton, J. Amer. Chem Soc., 1947, 69, 932), and true equilibria have 
been found for the system AsPh,, AsPh,Cl, AsPhCl,, AsCl, (Evans and Warhurst, Trans. 
Faraday Soc., 1948, 44, 189). 

The boiling point of tristrifluoromethylarsine is 16° below that of trimethylarsine and the 
increase in volatility on replacement of hydrogen by fluorine is again apparent. Unlike 
trimethylarsine, the fluoro-derivative does not form quaternary compounds. Thus, 
whereas methyl iodide reacts with arsenic at 100° to yield tetramethylarsonium iodide as 
well as methyliodoarsines (Cahours, Annalen, 1862, 122, 198; Auger, Compt. rend., 1907, 
145, 809), trifluoroiodomethane and arsenic yield tristrifluoromethylarsine and not tetrakis- 
trifluoromethylarsonium iodide. 

A major difference between methyl- and trifluoromethyl-arsines lies in their behaviour 
on hydrolysis; the methyl group is stable to dilute alkali at room temperature, whereas 
the trifluoromethyl group is liberated quantitatively as fluoroform. This formation of 
fluoroform is characteristic of compounds of the type M(CF,), and M(CF3),X@_,, where 
M = As, P, Sb, Hg, and X = halogen or pseudo-halogen, and affords a convenient method 
for analysis. 

It is apparent that the more negative the group attached to the arsenic the more easily 
does alkaline or aqueous hydrolysis occur, and the more resistant is the compound to oxid- 
ation. Thus, trimethylarsine and other alkylarsines are stable to alkali but are easily 
oxidised, and triphenylarsine is stable to air and to cold alkali but yields triphenylarsine 
oxide with hot potassium hydroxide. Tris-2-chloroethoxyarsine, (CH,Cl*CH,°O),As, is 
readily hydrolysed by water or alcohol to ethylene chlorohydrin and arsenic oxide; 
similarly, di-(2-chloroethoxy)phenylarsine loses the negative chloroethoxy-groups on treat- 
ment with water and yields phenylarsine oxide. Tristrifluoromethylarsine is not readily 
oxidised and is insoluble in, and stable to, water or dilute acid at room temperature, 
although fluoroform is liberated when it is heated with water at 200°. The trifluoromethy] 
group is thus less labile than the halogenoalkoxy-group. 

Iodobistrifluoromethylarsine is appreciably more volatile than the corresponding 
methyl compound, and has been used for the preparation of many bistrifluoromethyl- 
arsines of the type (CF,),AsX (E. G. Walaschewski, unpublished work). The labile iodine 
atom can be removed by mercury at room temperature to yield tetrakistrifluoromethyl- 
diarsine (perfluorocacody]) : 


2(CF,),AsI + Hg —> (CF,),AsAs(CF,), + Hgl, 


The fluoro-diarsine is more volatile than the alkyl analogue, and in its hydrolysis differs 
sharply from the trifluoromethylarsines described above. The diarsenic compound is 
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stable to water, but with sodium hydroxide at room temperature gives ca. 75% of the 
theoretical amount of fluoroform, and ca. 25% of the trifluoromethyl groups are converted 
into fluoride and carbonate. The mechanism of this hydrolysis, which involves destruction 
under mild conditions of the normally stable trifluoromethy] group, is being studied further. 
Tetrakistrifluoromethyldiphosphine (F. W. Bennett, unpublished results) and bistri- 
fluoromethy! disulphide (Part III, loc. cit.) are hydrolysed partly or completely to fluoride 
and carbonate, and it is apparent that the effect is associated with the system 
(CF,),M*M(CF;),. It is considered that hydrolytic fission of the M—M bond first occurs, 
“a: 
(CF,),As*As(CFy). —> (CF )pAsH + (CF,),As‘OH 

The acid, which is also the intermediate in the hydrolysis of iodobistrifluoromethylarsine 


(CF,),AsI —> (CF,),As‘OH —> 2CF,H 


is completely converted into fluoroform, whereas the hydride yields fluoroform, fluoride, 
and carbonate : 


(CF,),AsH —"S CF,H + F- + CO," 


The synthesis and reactions of bistrifluoromethylarsine supporting this mechanism will be 
reported later. 


EXPERIMENTAL 


Reaction of Trifluoroiodomethane with Arsenic.—(a) In glass vessels. Finely ground arsenic 
(10 g.) and trifluoroiodomethane (3 g.) were heated in a Carius tube of ca. 50 ml. capacity for 48 
hours at 220° The products of b.p. <40° were taken into a vacuum system and separated by 
fractional condensation into (1) small amounts of silicon tetrafluoride and carbon dioxide, (2) 
unchanged trifluoroiodomethane (ca. 5%), and (3) ¢tristrifluoromethylarsine (70%) [Found : 
C, 12-4; As, 25-9; CF, (as CF,H), 71:5%; M, 282. C,F,As requires C, 12-8; As, 26-6; CFs, 
73-49%; M, 282). 

For analysis, 0-2—0-3 g. of tristrifluoromethylarsine was weighed and transferred quantit- 
atively in vacuo to a Carius tube containing 5 ml. of 15% sodium hydroxide. The tube was sealed 
and allowed to warm to room temperature, whereupon a vigorous reaction was apparent. 
After 24 hours’ heating at 50°, the volatile product of reaction was shown to be fluoroform 
(Found: M, 70. Calc. for CHF,;: M, 70), b. p. —80°, and its weight was used to calculate the 
CF, content in the fluoroarsine. Arsenic(Im) in the residual solution was determined iodo- 
metrically, and carbon by combustion. 

Examination of products of b. p. >40° is described below. 

(b) In an autoclave. Larger-scale preparations have been made in a steel autoclave of 100- 
ml. capacity, a 4—5-fold excess of powdered arsenic being used. Silicon tetrafluoride and carbon 
dioxide formation are thus prevented. 

Properties of Tristrifluoromethylarsine.—The arsine is a colourless liquid with a pungent 
odour, and is stable to glass or mercury. It does not ignite in air, but decomposes when heated 
in an open flame. Its vapour pressure measured from —23° to +28° is given by the equation 
log p (mm.) = 7-866 — 1528-0/T, whence the b. p. is calculated as 33-3°, the latent heat of 
vaporisation as 6990 cal./mole, and Trouton’s constant as 22-8. 

Iodobistrifiuoromethylarsine.—The products with b. p. >40° from the interaction of arsenic 
and trifluoroiodomethane in glass or metal vessels were arsenic tri-iodide, iodobistrifluoro- 
methylarsine (20%) (Found: C, 7-5; I, 36-6; As, 22-2; CF,;, 406%; M, 338. C,F,IAs 
requires C, 7-1; I, 37-3; As, 22-1; CF;, 406%; M, 340), b. p. 92°, mn? 1-425, and a higher- 
boiling oil (10%) later shown to be di-iodotrifluoromethylarsine (E. G. Walaschewski, un- 
published). The last two compounds were distilled in an atmosphere of nitrogen. 

Numerous preparations of the trifluoromethylarsenic compounds have been made, and 
optimum conditions are: 220—240° for 48 hours with an excess of finely ground arsenic. 
Yields of ca. 90% of the mixed arsines are thereby obtained in a ratio of 6: 2: 1 by weight. 

Reactions of Tristrifluoromethylarsine and Iodobistrifluoromethylarsine.—lodobistrifluoro- 
methylarsine is a yellow non-inflammable oil which does not attack glass. Like tristrifluoro- 
methylarsine, it is soluble in ether but insoluble in water or 3Nn-hydrochloric acid. Rapid, 
quantitative decomposition of both arsenicals to fluoroform and the sodium salt of arsenious 





[1952] The Thorium-Selenium System. 2555 


acid is brought about at 50° by 15% sodium hydroxide solutions. Tristrifluoromethylarsine 
gave an 87% yield of fluoroform after being heated with water to 300° for 48 hours. 

Tristrifluoromethylarsine (4-65 g.), heated with iodine (12 g.) at 100—105° for 3 days, 
yielded iodobistrifluoromethylarsine (1:27 g., 22%), trifluoroiodomethane (0-86 g., 28%), 
di-iodotrifluoromethylarsine, and unchanged starting material. The interconversion of the 
trifluoromethylarsines will be described later. 

Preparation of Tetrakistrifluoromethyldiarsine.—lodobistrifluoromethylarsine (1-34 g.) was 
shaken gently in a sealed Carius tube with mercury (2 ml.). Immediate reaction was apparent 
and after 2 days at room temperature the product was pumped from the mercuric iodide into 
the vacuum system and fractionated, to give tetrakistrifluoromethyldiarsine (0-80 g., 91%) 
(Found: F, 53-3; As, 34-7%; M, 422. C,F,,As, requires F, 53-3; As, 35-29%; M, 426), b. p. 
106—107° (distilled in nitrogen atmosphere), nj? 1-372. The compound was analysed for 
arsenic and fluorine after sodium fusion. ; 

Hydrolysis of Tetrakistrifluoromethyldiarsine.—A sample (0-343 g.) was treated with 15% 
sodium hydroxide solution (5 ml.) at room temperature. Vigorous evolution of gas occurred, and 
after 24 hours 76-0% of the theoretical amount of fluoroform had been evolved. A second 
determination gave 75-2%. Fluoride ion was also formed by the hydrolysis and distillation as 
fluorosilicic acid and titration with thorium nitrate accounted for the missing 25% of fluoro- 
form. Arsenic was determined iodometrically. 


One of the authors (G. A. R. B.) thanks the British Council for a scholarship, during the 
tenure of which this work was carried out. 
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485. The Thorium-Selenium System. 
By R. W. M. D’Eye, P. G. SELLMAN, and (Miss) J. R. Murray. 


Thermal, metallographic, X-ray, and chemical analysis has unambiguously 
identified four phases in this binary system: (i) ThSe, which exists over a 
narrow solid-solution range, is face-centred cubic with a = 5-863 + 0-002 X.U. 
and has the NaCl-type structure; (ii) Th,Se,, which again has a narrow solid- 
solution range, has an X-ray pattern which can be indexed in terms of an 
orthorhombic cell with @ = 11:32 + 0-05, b= 1155 40-05, and c= 
4-26 + 0-01 X.U., and four molecules per unit cell, the extinctions being 
compatible with the Sb,S,-type structure; (iii) Th,Se,, also gave a complex 
pattern which was indexed as a hexagonal cell with a = 11-56, c = 
4-35 + 0-05 X.U.; (iv) ThSe,, which loses selenium when heated above 1000°, 
being degraded to ThSe,.,, has a structure compatible with the orthorhombic 
PbCl,-type with a = 4-98, b = 7-50, c = 9-38 X.U. (all +0-01). A tentative 
phase diagram is given for the composition range ThSe,_,,. Above ThSe, 
the further compound Th,Se, has been identified by degradation experiments. 
The thorium used contained up to 0-5% of oxygen (= 5% of ThO,). 
Consequently, ThOSe is found as a contaminant in the system. It has little 
effect on the phase diagram for, apart from the range ThSe,,—ThSe,.,, 
where melting points were above 1660°, it occurred as a discrete phase. 
ThOSe is tetragonal, with a = 4-030 + 0-005, c = 7-005 + 0-005 X.U., and 
has two molecules per unit cell. The space group is Dj, — P4/nmm (PbFCI- 
type structure) with the oxygen atoms on 2(a)- and Th and Se atoms on 
2(c)-fold special positions. The variable parameters for Th and Se, 
determined by comparison of calculated and observed intensities, are zp, = 
0-18 + 0-005 and zg, = 0-63 + 0-01. 


THE recent research on the chemistry of the thorium-sulphur system by Eastman, 
Brewer, Bromley, Gilles, and Lofgren (J. Amer. Chem. Soc., 1950, 72, 4019), together with 
the elucidation of the crystal structures of the various phases present (Zachariasen, Acta 
Cryst., 1949, 2, 291; American Atomic Energy Report, A.E.C.D. 2141), disagreed with the 
earlier work of Strotzer and Zumbusch (Z. anorg. Chem., 1941, 247, 415) and Zumbusch 
(tbid., 1940, 243, 322) in the region where the Th/S ratio was close to unity. The latter 
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workers found a phase of variable composition, ThS); 9,7;, with a defective NaCl-type 
lattice, which they denoted as the ThS phase. Eastman et al. (loc. cit.) claim that ThS 
exists with only a small solid-solution range, and they do not mention a defect-lattice type 
of structure. They further state that the discrepancy between their work and the earlier 
work of Strotzer and Zumbusch (loc. cit.) arises because the thorium metal used by the 
earlier workers was extensively contaminated by oxygen. Because of this discrepancy 
and the general lack of information as to the selenides of the heaviest elements, it seemed 
of some interest to investigate the thorium—selenium system which was thought likely to be 
analogous. This is indeed the case. 

Little work on the thorium selenides has hitherto been carried out. A selenide, probably 
ThSe,, was prepared by Moissan and Etard (Compt. rend., 1896, 122, 513) and Moissan and 
Martinsen (ibid., 1905, 140, 1513) by the action of selenium vapour with hydrogen on 
thorium carbide (ThC,) and of selenium vapour with hydrogen on a thorium tetrahalide, 
respectively. 

With the selenides of the homologous element titanium, Ehrlich (Angew. Chem., 1948, 
68, 60) found a continuous transition from TiSe, (hexagonal CdlI,-type structure) to TiSe 
(hexagonal NiAs-type). However, owing to the difference in size of the cations it would 
appear improbable that the two systems, Th-Se and Ti-Se, would be identical. This 
supposition has now been confirmed by experiment. 

In the present work, no compounds corresponding to an oxidation state lower than 
Th?* were found. Three other phases above ThSe have been unambiguously identified, 
namely, Th,Se,, ThzSe,., and ThSe,. It would appear also from tensimetric studies that a 
polyselenide Th,Se, exists. 


EXPERIMENTAL 


Samples with compositions ranging from ThSe,.,—ThSe, were prepared from the components 
in vacuo at 700°. M. p.s were determined in the range ThSes.,—ThSe,., inclusive but samples 
with a Se/Th ratio >1-7 lost selenium when heated at high temperatures (1000°), thus making 
m. p. determinations impracticable. Tensimetric experiments were carried out on samples 
having a Se/Th ratio >2. 

(a) Preparation.—Intimate mixtures of thorium and selenium in the requisite proportions 
were placed in fused quartz tubes which were then evacuated and sealed. The thorium, which 
contained approx. 0-5°% of oxygen, had been previously thoroughly out-gassed, by heating 
in vacuo, 

The tubes were heated slowly to 400° in a tube furnace, thereby allowing a fair quantity of 
the selenium to be absorbed by the thorium before a strongly exothermic reaction started at 
400°. The temperature could then be safely raised to 700°, and the specimen annealed for an 
hour. When cool, the tubes were opened in air, and samples taken for analysis— X-ray, 
tensimetric, and composition—and for m. p. determinations. 

(b) Melting Point.—The small high-temperature vacuum furnace described by Alberman 
(J. Sct. Instr., 1950, 280) was used. The m. p.s were determined by Anderson, Alberman, and 
Blakey’s method (/J., 1951, 1352). The specimens, after being heated at 700°, were pressed into 
pellets, 10 mm. in diameter and 7 mm. long, which were placed in tantalum crucibles made by 
deep-drawing 0-01” tantalum sheet. Temperature measurements are accurate to +20°. 
After determination of the m. p., the specimens were removed from the crucibles and broken 
up for X-ray, metallographic, and chemical analysis. 

(c) Tensimetric Degradation.—The sample was placed in a quartz tube connected through a 
graded seal to a Pyrex cold trap and vacuum system. The temperature was raised to 200° and 
the specimen was heated at this temperature under 10-* mm. pressure until no more selenium 
sublimed. In this manner ThSe, and Th,Se, were obtained free from excess of selenium. Hew- 
ever, in the case of the sample of gross composition ThSe,, the evolution of selenium was slow 
and continuous, although it was not apparent that free selenium was present in the original 
sample. The temperature was raised to 300° to accelerate the degradation, which was followed 
by X-ray diffraction photographs. After several months, the specimen was degraded to Th,Se,, 
whereupon the loss of selenium almost ceased. 

(d) Analysis.—(1) Metallographic examination. Portions of pellets from the melting-point 
experiments were mounted in Bakelite and polished by the standard metallographic techniques, 
being finished on microid alumina. The samples were examined under ordinary reflected 
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light and under polarised light, thus enabling the various phases to be differentiated, and giving 
an indication of the degree of anisotropy. Owing to the small amounts of material available, 
and the success of the above technique, initial attempts to develop a suitable etchant were 
discontinued. 

(2) X-Ray. The samples were finely ground and transferred to thin-walled Pyrex capillaries 
of approx. 0-3 mm. diameter. Powder-diffraction photographs were taken using standard 
X-ray equipment, 9-cm. and 19-cm. Unicam cameras, and filtered Cu-Ka radiation. The 
intensities of the lines on the resulting photographs were visually estimated, and the interplanar 
spacings d calculated from the Bragg relationship 4 = 2d. sin 0. 

(3) Chemical analysis. (i) The gross composition of the samples was determined by ignition 
in a current of oxygen and weighing as ThO,, selenium being determined by difference. (ii) For 
complete analysis, the selenides were leached out of the sample with concentrated nitric acid, 
thus leaving behind any thorium, thoria, or tantalum (from the crucible). The thorium and 
selenium in the solution were then determined by conversion into thoria and metal, respectively. 
Satisfactorily reproducible results were thereby obtained. The latter method proved especially 
useful in the two-phase region (Th/Se >1), where thorium is one of the phases present. The 
solution of the selenide in nitric acid, after separation of any residue, was carefully evaporated 
to dryness on a water-bath and taken up in diluted hydrochloric acid (3:1). Metallic selenium 
was precipitated by bubbling sulphur dioxide through the solution. Thorium was determined 
in the filtrate by precipitation as the oxalate and ignition to thoria. 

Results.—(a) Melting-point data : thermal analysis. These are given in the following table. 

Gross Gross 
composition M. p. Colour composition M. p. Colour 

Th 1800° Grey ThSeg.» 1800° Gold 
ThSej.5 1880 
ThSe,., 1680 s 
ThSe;.» 1560 Dull gold 
” ThSej.25 1480 fi 
ThSe,.3 1470 Purple-black 
ThSe,., 1490 
ThSe,.; 1490 Grey-black 
ThSe;.¢ 1460 Grey 
ThSe,.; 1460 


melting commenced o 
ThSeg. ; at 1600 Grey-gold 
ThSeg., ,, 1610 
ThSe9.3 », 1610 
ThSeg., », 1580 Dull gold 
ThSe,., ,, 1610 ” 
ThSe,.¢ 1620 Gold 
ThSe,., 1670 * 
ThSe,., 1750 


Melting commenced with the mixtures ThSe,,—ThSe,., at approx. 1600° and continued over 
a range of some 200°. Above ThSe,., the m. p.s become fairly sharp and increased steadily with 
increasing selenium content to a maximum value of 1880° at ThSe. The temperature 1600° is 
probably the eutectic temperature. Chemical analysis in this part of the system showed two 
phases present : Thand ThSe,,. As is shown later (X-ray analysis), ThSe exists over a narrow 
solid-solution range from approx. ThSe,,, to ThSe,.,. On the selenium-rich side of ThSe, 
the m. p.s were still fairly sharp, and decreased steadily to a value of 1480° at ThSe,.,, and 
then stayed fairly constant until a drop to 1460° took place at ThSe,,. Above ThSe,., the 
mixtures lost selenium on heating above 1000°, thus making m. p. determinations impracticable 
in this region. 

(b) X-Ray analysis. Preparations of gross composition ThSe showed predominantly one 
phase, which was indexed as face-centred cubic with a = 5-863 X.U., and about 10% of another 
phase. On the thorium-rich side of ThSe, three phases were observed, viz., thorium metal, the 
face-centred cubic phase, and the minor phase found in ThSe. In this region the total weight of 
a sample, as determined by analysis, was invariably a few mg. less than the weight of sample 
taken. This minor phase was found to persist in varying amounts, even in preparations of the 
same gross composition, throughout the system from ThSe,, to ThSe,,. It was therefore 
thought likely to be a contaminant of the binary system and to be a discrete phase with no 
relation to the other phases present. This view was confirmed by the metallographic 
examination (p. 2558). As the thorium contained up to 0-5% of oxygen (equivalent to 5% of 
ThO,), the contaminating phase could be an oxyselenide. ThOSe was accordingly prepared, 
by heating ThO, and ThSe, in equimolecular proportions at 950° in vacuo. It melts at 2200 
and forms black crystals from the melt; its X-ray photographs were identical with those of the 
minor phase described above. Hence, the contaminant in the binary system is ThOSe, which 
would account for the observed analytical discrepancies, mentioned previously, as the mixtures 
were only analysed for thorium and selenium, the oxygen not being determined. In the 
thorium-sulphur system, Eastman et al. (loc. cit.) state that ThOS is unstable in the presence of 
ThS, forming Th,S, and ThO,. This constitutes a distinct discrepancy with our work. 
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The plot of the cell constant a of the face-centred cubic phase against the gross composition 
(Fig. 1) shows clearly that ThSe exists over a narrow solid-solution range from approx. 
ThSeo.9, to ThSe,.,. This is roughly in agreement with the calculated and observed densities 
at the phase limits which are pe, = 9-90, p, = 9-90, and p, = 9-54, p, = 9-26 g./c.c. for ThSe,, 
and Tho Se, respectively, where p, represents the density calculated on the assumption that 
the deviation from the ideal formula ThSe arises from the presence of vacant selenium sites or 
vacant thorium sites respectively. The presence of variable amounts of ThOSe (p, = 
9-49 g./c.c.) tends to diminish the change of density with compositions. 

ThSe,. and ThSe,, contain the face-centred cubic and the Th,Se, phase together with the 
ThOSe phase as impurity. ThSe,, and ThSe,, are free from the face-centred cubic phase, 
and it would appear from measurements of the cell dimensions that Th,Se, exists over a small 
solid-solution range on the thorium-rich side stretching as far as, if not beyond, ThSe,.,. 
ThSe,., is again a mixture of phases: the orthorhombic Th,Se, and the hexagonal ThSe,., 
(Th,Se,,). Above ThSe,., one further compound, ThSe,, has been unambiguously identified 
and the photograph is compatible ‘with the PbCl,-type structure. 

Some evidence from the degradation studies has been obtained for the polyselenide ThSe,.,, 
(Th,Se,) which was prepared both by synthesis and by degradation of ThSe,. The X-ray 
photographs are, however, very complex, and it has therefore not been possible to obtain any 
crystallographic evidence for the existence of a polyselenide. The analogous compound 
ThS,.3, was reported by Strotzer and Zumbusch (loc. cit.), and with the systems zirconium 
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and uranium-sulphur, Biltz and Meisel (Z. anorg. Chem., 1939, 242, 249) found ZrS,, and Strotzer, 
Schneider, and Biltz (ibid., 1940, 243, 307) found US,, respecti:ely. However, no concise 
crystallographic evidence is given to support these claims. Such compounds must be regarded 
as polysulphide or polyselenide respectively and are undoubtedly derivatives of quadrivalent 
thorium or zirconium. 

(c) Metallographic analysis. Microscopical examination was in good agreement with the 
X-ray results regarding the identity of the phases which were present in the various alloys, 
and it provided additional information concerning the relationship of these phases to each other. 

The ternary compound ThOSe was present in small amounts in all the specimens examined. 
In the composition range ThSe,.;_;.;, t.e., those alloys which melted above 1660°, it occurred 
as a eutectic with the ThSe, but at all other compositions it occurred as a discrete phase and 
appeared to have no relation to the other phases present. Accordingly, it has been assumed to 
have little effect on the form of the thorium-selenium phase diagram. One point of interest 
in this connection is the fact that with selenium contents below ThSe,., the ThOSe tended to 
occur as angular particles, whereas above ThSe,., it occurred as rather short rods with angular 
extremities. The reason for the dependence of habit on composition may be that there is a 
slight amount of solid solution of thorium or selenium in the ThOSe. Fig. 2 shows a specimen 
consisting essentially of ThOSe with small amounts of ThSe (half tone) and the Th,Se, (light). 

The Th-ThSe eutectic composition was found to be between ThSe,., and ThSe,., and Fig. 3 
shows the structure of the former sample. This eutectic was observed in all the alloys which had 
selenium contents of less than ThSey,. The typical occurrence of ThOSe at compositions 
below ThSe,., is illustrated in Fig. 4, which shows the alloy ThSe,., and represents primary 
ThSe surrounded by the Th-ThSe eutectic. The half-tone angular particles of ThOSe appear 
to have a completely random distribution. 
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Specimens of composition ThSe,.,_;.4 contained increasing amounts of Th,Se,. This was 
quite distinctive when examined under polarised light, being highly anisotropic and pleochroic. 
Fig. 5 shows ThSe,., and portrays rods of ThOSe superimposed on a Th,Se, matrix which appears 
to have been formed peritectically from ThSe; light globules of the latter phase are also shown. 
The pellet of composition ThSe,., is illustrated in Fig. 6, which was taken under polarised light. 
Small areas of ThSe and of ThOSe are also visible but the specimen consists essentially of 
randomly oriented grains of Th,Se,. The alloy ThSe,., contained Th,Se, and small areas of a 
eutectic between Th,Se, and the slightly anisotropic Th,Sej». 


DISCUSSION 

Owing to the experimental difficulties associated with investigations in the relevant 
temperature regions it was not possible to make precise thermal analysis measurements, 
but a tentative phase diagram for the thorium-selenium system over the composition 
range ThSe, _,., has been constructed from the above results and is illustrated in Fig. 7. 
Starting from the thorium-rich end of the diagram there appears to be little solid solution of 
selenium in thorium. The Th-ThSe eutectic occurs within the composition range 
ThSeg,-92 at a temperature of 1600°+20° and extends over the approximate range 
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ThSeoo92-9- The apparent discrepancy between the melting-point data on the one hand 
and the results of X-ray and metallographic analysis on the other hand, regarding the 
selenium-rich limit of the eutectic range can be readily explained. In the alloys ThSey,., 
and ThSe»., the percentage of the total volume which is occupied by the eutectic is very 
small and the larger portions of these pellets would be expected to melt at temperatures 
above the eutectic temperature. The dropping-rod method of melting-point determination, 
used in these experiments, is only sensitive when a considerable proportion of the pellet 
is molten, hence the apparent higher melting of ThSe,, and ThSe,,. The liquidus rises on 
either side of the eutectic composition to 1880° at thorium and also at ThSe. Lattice- 
parameter measurements indicate that ThSe exists over the approximate composition 
range ThSeg»9;_,.,- Further additions of selenium lead to the peritectic formation of 
Th,Se, at a temperature of 1480°-+10°; this phase is stable over the range of compositions 
ThSe,.,_,. With higher selenium contents a eutectic is formed at 1460°, between Th,Se, 
and Th,Se,,, and the melting point of Th,Se,, appears to be little higher than this. 
Crystallographic Evidence.—(a) Structure of ThOSe. To derive the maximum information 
from the data, the interplanar spacings and the visually estimated intensities J, of the 
spacings up to 6 = 55° were combined by constructing a radial distribution function G,,, 
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For computation this can more conveniently be converted into the equivalent form 


2 
Gy = ar 52 sin 2 7 Aad bie «ohare ee tee 
(cf. Warren and Gingrich, Phys. Reviews, 1934, 46, 368; Medlin, J. Amer. Chem. Soc., 
1935, 57, 1636; 1936, 58, 1590). 

Values of the function G,,, were plotted against the corresponding values of the inter- 
atomic distance 7, giving a graph as shown in Fig. 8. Dominant peaks are observed at 
r = 4-00, 6-80, and 7-80 X.U., the last peak being probably a repeat of the 4-00 distance. 
Two lesser peaks are found at r = 3-05 and 5-00 X.U. The interatomic distance 3-05 is 
within the range required for a Th-Se distance. Similarly, the peak at 4-00 would 
correspond to a Th-Th and Se-Se distance. The height of the peaks at 4-00 and 6-80 
might indicate probable cell edges. On this hypothesis, and with the aid of Bunn charts, 
the film was successfully indexed on the basis of a simple tetragonal cell. Owing to the 
complexity of the film and the difficulty of unambiguously indexing the reflections in the 
back reflection region, where absorption errors are necessarily small, an absorption 
correction was calculated for each line up to 6 = 45°. The eccentricity error was calculated 
to be negligible (Buerger, ‘‘ X-Ray Crystallography,’’ 1942). The now-corrected values 
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for interplanar spacings being used, values of a and c were obtained by the method of least 
squares. The agreement between calculated and observed spacings with a = 
4-030 + 0-005 and c = 7-005 + 0-005 X.U. is seen from the following table to be good. 
The number of molecules per unit cell is 2, and the calculated density p, = 9-49 g./c.c. 
(eo = 9-61). 

The indexing of this film emphasised the fact that Hesse’s mathematical methods 
(Acta Cryst., 1948, 1, 200) can be extremely misleading unless, as he suggests, a self- 
focusing type of camera is used which thereby abolishes absorption errors. For powder 
photographs with normal cameras the radial distribution function gives invaluable aid 
both in determining the crystal class and in finding the main interatomic distances in the 
unit cell. 

From a consideration of the absences in the observed indices of the reflections, the 
space group is Dj, — P4/nmm, with the thorium and selenium atoms on the 2(c)-fold special 
position which has one variable parameter, and oxygen on the 2(a)-fold special position 
(‘‘ Internationale Tabellen,’’ Vol. 1). 

The values for the variable parameter for the thorium and selenium atoms are z~, = 
0-18 +. 0-005 and zg. = 0-63 +- 0-01, which were obtained by comparison of the calculated 
and observed intensities for the sensitive planes. The thorium atom will now be surrounded 
by 5 selenium atoms at a distance 3-15 X.U. and by 4 oxygen atoms at 2:38 X.U. Other 
thorium-selenium distances are 3-85 and 5-11 X.U. These interatomic distances are seen 
to be compatible with peaks on the R.D.F. plot. 
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From the following table it is seen that the calculated intensities J,, where 
I, x F*m(1 + cos® 26)/cos @ sin? 6, where F is the structure factor, m the multiplicity 
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constant, and the function of @ the Lorentz correction factor, are in good agreement with the 
observed intensities J,. 
The structure of ThOSe is therefore compatible with the PbFCl-type structure having 
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a = 4-030 + 0-005, c = 7-005 + 0-005 X.U., c/a = 1-74, and space group Dj, — P4/nmm. 
It is also isostructural with ThOS and UOS (Zachariasen, Joc. cit.). 

(b) Structure of ThSe. The diffraction pattern was successfully indexed on the basis 
of a face-centred cubic cell. The cell constant a was derived from a Nelson-Riley extrapol- 
ation to 6 = 90° (Proc. Phys. Soc., 1945, 57, 160) and has the value 5-863 + 0-002 X.U. 
There are 4 molecules per unit cell, giving a calculated density of 10-20 g./c.c. From a 
consideration of the absences in the observed indices of the reflections the space-group is 
either O} — Fm3m, NaCl-type, or 7; — F73m, zinc blende-type. 

In the former space-group the thorium atoms will be on the 4(a)-(000 and its 
permutations)- and the selenium atoms on the 4(b)-($44 and its permutations)-fold special 
positions. In the latter case thorium atoms will be on the 4(a)- and selenium atoms on 
the 4(c)-(}}} and its permutations)-fold special position (‘‘ Internationale Tabellen,”’ 
Vol. 1). Intensities were calculated for both arrangements and compared with the observed 
values. In this manner it was found that the structure did not possess the blende-type 
structure. 

From the next table it is seen that the calculated intensities J,, where J, oc F?m, are in 
good agreement with the observed intensities /,, for the NaCl-type structure. The Th-Se 
and Th-Th (= Se-Se) distances can now be calculated as 2-93 and 4-14 X.U., respectively. 

SB 
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The structure of ThSe is compatible with the NaCl-type structure and is isostructural with 
ThS and US (Zachariasen, Joc. cit.). 


200 220 311 222 400 331 420 422 511,333 
s s m m— w s m+ w— 
23-8 39-0 16-7 22: 15-2 13-8 55-3 50-0 15-8 


(c) Structure of ThSe,.,. The diffraction photographs were very complex, and as it 
was not possible to obtain a single crystal the structure has not been unambiguously 
determined. The pattern can be indexed by an orthorhombic cell with a = 11-32 +- 0-05, 
6 = 11-55 + 0-05, and c = 4:26 + 0-01 X.U. There are four molecules per unit cell. 
A consideration of the absences in the observed indices of the reflections showed that they 
are not incompatible with the extinctions necessary for the space group D}} — Pnam. It 
is possible that Th,Se, has the Sb,S,-type structure, which would make it isostructural 
with Th,S,. 

(d) Structure of ThSe,. (Th,Se,.). The diffraction pattern is complex, and as with 
Th,Seg it has not been possible to carry out an unambiguous determination of the structure. 
The film can be indexed by a hexagonal cell with a = 11-56, c = 4:35 + 0-05 X.U. There 
is one molecule per unit cell. It is probably isostructural with Th;S,, (Zachariasen, 
Acta Cryst., 1949, 2, 1288). 

(e) Structure of ThSe,. As with ThOSe, a radial distribution function Gg was 
calculated. Values of the function were plotted against the corresponding values of the 
interatomic distance 7, giving a graph (Fig. 9) with dominant peaks at r = 3-28, 4-95, 7-60, 
and 9-35 X.U. (all -+-0-05). The distance 3-28 is compatible with a Th-Se distance. The 
diffraction pattern can be indexed on the basis of an orthorhomic cell with a = 4-98, 
b = 7-50, and c = 9-38 X.U. (all +0-01). The absences in the observed indices of the 
reflections are compatible with the extinctions necessary for the space-group D}} — Pmnb 
(PbCl,-type structure) with the atoms on the 4(c)-fold special position, +-(1/4 yz); (1/4, 
1/2 + y, 1/2 — z). However, as can be seen from the axial ratios shown below, ThSe, 
appears to differ from PbCl,, which characterises this group, in the fact that 6 is smaller 
relatively to a and c. 


Ref. 
Wyckoff, ‘‘ Crystal Structures.”’ 


Zachariasen, Acta Cryst., 1949, 2, 291. 


In a structure containing cations and anions with high and low atomic numbers, 
respectively, it is often the case that the contribution of the anions to the intensities of the 
lines is negligible. This was the case for ThS,. The two Th parameters were located 
from the intensity calculations, and the S parameters were fixed in order to give logical 
Th-S distances (Zachariasen, loc. cit.). However, with ThSe, the contribution of the 
selenium atoms to the line intensity is often considerable and cannot be neglected. Thus 
six variable parameters must be determined. This has not yet been accomplished. 

From the above data, ThSe, appears isostructural with ThS, and US, (Zachariasen, 
loc. cit.). There still appears to be confusion, however, about the true structure of US,. 
Zachariasen (loc. cit.) suggests from his data that it is isostructural with ThS,, whereas 
Mooney (American Atomic Energy Report AECD. 2141) finds it to be body-centred 
tetragonal with a = 10-25 + 0-05, c = 6-30 + 0-03 A, with 10 molecules per unit cell. 


The authors thank Dr. J. S. Anderson for his helpful advice and interest in the problem, 
and Mr. L. Kent for taking the photomicrographs, also the Director, A.E.R.E., for permission 
to publish this paper. 
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486. The Preparai: 1 and Dimerization of Methylketen. 
iby A. D. JENKINS. 


An account is given of the preparation of methylketen by pyrolysis of 
propionic anhydride vapour at low pressures and 400—600°. The compound 
readily dimerizes in the gas phase by a second-order reaction which occurs 
on the surface of the reaction vessel; the kinetics of dimerization are 
reported and discussed. 


ALTHOUGH keten has been known since 1907 when it was first prepared by Wilsmore 
(J., 1907, 91, 1938) its next higher homologue, methylketen, has received very little 
attention. This is undoubtedly because the methods used for the preparation of keten 
fail or give poor yields when applied to the next member of the series. Also, methylketen 
is extremely reactive, combining rapidly with water, organic acids, or itself, and for this 
reason has previously been detected only by analysis of the products of its reactions. 

Keten can be obtained by the thermal decomposition of any compound containing the 
group CH,°CO; substances commonly used—acetone (Ber., 1910, 43, 2821), acetic acid 
(U.S.P. 2,278,537; Bamford and Dewar, J., 1949, 2877), ethyl acetate (U.S.P. 2,175,811), 
and acetic anhydride (B.P. 472,988)—give good yields, in some cases of 90% or over 
(‘‘ Organic Reactions,’’ Vol. III, p. 111). ; 

Staudinger attempted to prepare methylketen by the action of zinc shavings on 
a-bromopropionyl bromide (Ber., 1908, 41, 906; 1911, 44, 535) but obtained a poor yield. 
Hurd and his co-workers (J. Amer. Chem. Soc., 1913, 45, 2167, 3095; J. Org. Chem., 1945, 
10, 62) pyrolysed ethyl methyl ketone and treated their products with aniline. The 
propionanilide formed demonstrated that a very low yield of methylketen had been 
obtained. Pyrolysis of methyl propionate (B.P. 504,626; U.S.P. 2,175,811) has also been 
claimed as a method of preparation but no yield was stated. 

Recently a good yield was obtained by pyrolysis of propionic anhydride at low pressures 
followed by condensation of undecomposed reactant together with products other than 
the keten in a Liebig condenser, methylketen being collected in a trap cooled in liquid air 
(Fr.P. 901,236). 

In the present work an adaptation of the last method was found to give at least a 90% 
vield of fairly pure methylketen. 


EXPERIMENTAL 


Preparation.—The apparatus is illustrated in Fig. 1. Propionic anhydride was placed in 
the dropping funnel A, the space above evacuated, and the anhydride out-gassed. The whole 
system was then evacuated and anhydride allowed to drop slowly through T, and T, into the 
flask B heated in an electrothermal mantle to about 150°. The vapour passed through an 
electric furnace C kept at 400—600° where decomposition ensued, and the emergent gases were 
condensed in a trap D cooled in liquid air. A quartz tube which had a very thin carbon coating 
over the inner surface was used as reactor. 

After the entire charge had been passed through the furnace trap D was allowed to warm to 
room temperature whilst E was cooled in liquid air. In this way methylketen was distilled 
into E and this trap was isolated as soon as distillation was complete. The residue in trap D 
consisted of propionic acid together with undecomposed anhydride. Analysis of this mixture 
showed that conversions up to 90% could be obtained by using a furnace temperature as high as 
550° without serious decomposition of methylketen. This was the temperature normally 
employed with a propionic anhydride pressure of the order of 5mm. Hg. The contact time was 
approx. 10-* sec. 

The density of liquid methylketen at its b. p. being assumed to be 1-0 and the volume obtained 
being measured it was evident that one molecule of anhydride decomposed to give one molecule 
of acid plus one molecule of keten, as with acetic anhydride (Szwarc, Trans. Faraday Soc., 
1951, 47, 269). 

Methylketen is a pale green liquid when condensed, with b. p. —56°/760 mm. The vapour 
is extremely disagreeable and causes a very unpleasant taste. 

Dimerization.—Methylketen in trap E was allowed to warm and vaporize into the 2-l. 
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flask F with a mercury manometer attached, F being contained in a thermostatically controlled 
bath. At a given time H was closed; immediately the pressure began to decrease owing to 
dimerization and condensation of the dimer. The reaction was followed manometrically. 

All taps were lubricated with Dow Corning Silicone High Vacuum Grease. 

A number of different substances were used to coat the walls of the reaction flask to 
investigate the effect of surface. 

Silicone fluid 1107 was deposited from solution in carbon tetrachloride and the flask 
subseauently dried. After three repetitions of this process the vessel was cured overnight 
at 100°. 

Paraffin wax was deposited from a hot solution in carbon tetrachloride. After removal of 
the mother-liquor the flask was gently warmed to allow flow of wax over the surface. 

Quinol was deposited from a hot solution in acetone. 

A fraction of the dimer (Found: C, 62-2; H, 7-1. Calc. for C,gH,O,: C, 64:3; H, 7-1%) 
boiling below 60°/12 mm. had M (cryoscopic in benzene) = 114, and the fraction boiling above 
this temp. had M = 124 (the dimer requires M = 112). The residue from the distillation gave 
M = 226, corresponding to the value for the tetramer (224). It was necessary to make freezing- 
point measurements at a series of concentrations and extrapolate the results to infinite dilution 
since association occurred in benzene solution. 
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The results indicate that a high percentage of the product was dimer and a small quantity 
tetramer. It cannot be stated, at present, whether tetramer resulted from further polymeriz- 
ation of the dimer or from reaction between monomer and dimer. Dimer prepared by Sauer’s 
method (J. Amer. Chem. Soc., 1937, 69, 2444) also contains fractions of higher molecular weight 


RESULTS AND DISCUSSION 


Unpacked Flask.—Preliminary experiments in an unpacked flask at 20° showed clearly 
that the dimerization reaction did not exhibit an integral order and moreover the runs were 
not reproducible to within more than a few per cent. In these experiments the vessel was 
not cleaned between runs, the accumulated volume of methylketen dimer being negligible. 


Po fo-s to-25 Po fo-s fo-25 
Run (mm.Hg) _ (min.) (min.) to-s/to-as Run (mm.Hg) (min.) (min.) .95/to-25 
B2 191 6-7 2-6 . B5 213 5-2 
B3 231 6-0 2-2 2- B6 212 5-1 
B4 213 8-0 33 2: B7 195 3-5 


Bs 
2-7 

For a reaction of the first order ¢o.;/tp.25 = 2 (to.5 is the half-life, ¢p.., is the quarter-life) 
whereas for a second-order reaction fp.;/to.9,; = 3. The annexed Table gives the values of 
these quantities for the first six runs (Pp is the initial pressure). 

To test the order of reaction for each individual run the half-life was measured for each 
of a series of pressures from the beginning of reaction to 20—30 mm., the initial pressure 
being of the order of 200 mm. For a second-order reaction the product of ¢9., and initial 
pressure P, is constant, therefore Pofy., was plotted against Py for each selected pressure. 
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If the reaction had been of second order throughout this would have given a straight line 
parallel to the Py, axis. Of the above runs only those from B5 onwards gave a plot 
approaching linearity. Plots for B3 and B5 are presented in Fig. 2. 

A few runs carried out at 0° appeared to show a higher rate of reaction than at 20°. 

To test the indications that the reaction was partly or wholly heterogeneous the vessel 
was washed with acetone to remove the accumulated dimer and heated at 100° for 
two hours. The next run (Cl) showed a suppressed rate for the first 10—15 minutes but 
successive runs did not exhibit this phenomenon. Pressure—time plots for Cl, C2, and B5 
are shown on Fig. 3. It is clear that for some minutes Cl followed an order lower than 2 
before assuming the near-second order of previous runs. The plot of Pofto.; against Pp» 
for Cl (Fig. 2) demonstrates the tendency to approach second order as reaction proceeded. 
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Packed Flask.—All subsequent experiments were carried out in the same reactor after 
it had been packed with 1” lengths of Pyrex tubing of 3-mm. bore (apparent surface area 
increased by a factor 8). Again the first run (C6) (at 20°) showed a suppressed initial rate 
but C7, C8, and C9 display true second-order behaviour (see Table 1). A different reaction 
vessel, not otherwise used, gave a fourfold increase in rate when packed with glass wool. 

In all cases plots of Poty., against Py showed that when the pressure had fallen below 
about 40 mm. the rate also fell rapidly, presumably owing to inability to maintain 
adsorption equilibrium. 

For a second-order reaction Pof.; is equal to the reciprocal of ky, the rate constant in 
the equation, d[M]/dt = &,[M]?, where M = monomer. Thus the value at which the above 
plot approaches linearity gives the reciprocal of the rate constant. Since 1/k, in the 


TABLE 1. Temp. = 20°. 
Initial pressure (mm.) ty.5 (min.) to-25 (min.) 
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packed reactor was 1-02 1. mole? sec.-! (C7—9) and in the unpacked reactor 
0-31 1. mole sec.-! (B5) the effect of packing was to multiply k, by a factor 3-5 
approximately. After the flask had been washed with acetone and dried a suppressed rate 
was again found at the start of the first run but subsequent runs gave the same rate 
constant as C7—C9. Thus the effect of acetone washing was to clean the surface of the 
glass in a reproducible manner. 

Additional confirmation of the second-order nature of the steady reaction was obtained 
from plots of 1/P against time for each of the runs where the steady state had been obtained, 
these being quite linear. 
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An attempt to determine the temperature coefficient of dimerization by altering the 
thermostat bath-temperature between successive runs gave poorly reproducible results. 
Several series of runs were therefore made, a clean acetone-washed flask being first used at 
each new temperature and runs being continued until they became of second order and 
showed a steady rate constant ; after 4—5 runs only a very slight increase in rate from run 
to run was observed, perhaps owing to polymerization occurring in solution in the 
accumulated liquid dimer. Runs F1—F5 are used to illustrate these trends and are 
typical. Fig. 4 presents pressure—time curves, and Fig. 5 plots of Py against 1/k,. Table 2 
lists the k, values together with ¢9.; and 9.9, for those runs which had achieved steady rate 
and order. Table 3 summarizes the temperature and rate data. The values of , listed 
were obtained graphically from plots of Poty.; against Pp. 

Consideration of the initial runs at various temperatures (Fig. 6) demonstrates the 
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reduction of initial rate with rise in temperature resulting in prolongation of the zero-order 
period of reaction. 

Some runs were allowed to proceed for 2—3 days and in these cases residual pressure 
was always observed, amounting to 2—3% of the initial pressure of monomer at all 
temperatures employed. This must have been caused by an impurity in the methylketen 
but attempts to remove it by repeated distillation of the monomer at —80° were ineffective. 

A surface coating of Silicone caused a greatly reduced initial rate in run L1 which 
should be compared with K1, both being made at 20° (Fig. 6). A coating of paraffin was 
without effect on the rate of reaction. 

The possibility that the reaction followed a chain mechanism was investigated by 
direct visual observation. The type of chain mechanism specified below would lead to 
reaction occurring in the gaseous phase although remaining kinetically heterogeneous. For 
these experiments the monomer was introduced through an inlet tube leading to the 


250 
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10 





20 
t (min.) 


centre of the reaction flask, then a small portion of the vessel was warmed gently to remove 
the liquid condensed on it and the reaction was observed through this window. Reaction 


TABLE 2. 


to-a5 2 Temp 
(min.) to-s/to-a5 (1. mole sec.-) (c) 
0-4 . 1-50 0-0° 
— 0-52 30-3 
0-84 30-3 
30-3 
30-3 
62-1 
62-2 
62-4 
82-8 
82-8 
82-8 
94-7 
94-7 
94-7 
20-2 
20-2 
20-3 
20-3 
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The Preparation and Dimerization of Methylketen. 


TABLE 3. 
s Temp. kT 1/T, 
(1. mole~! sec.~*) (°K) (T4) (1. mole sec.~) logy (AaTa) =(°K™) k 105 

1-5 “0° 273° 410 2-613 

1-1 , 303-3 332 2-521 

0-46 335-6 155 2-190 

0-30 2: 355-8 107 2-029 

0-22 94: 367-7 81 1-909 

1-02 : 293-5 299 2-476 
occurred immediately at the walls where droplets of dimer formed, and also on the inlet 
tube but even though the walls were streaming with liquid dimer the gaseous phase 
remained completely clear and devoid of the mist which would have denoted dimer 
formation. 

Two possible explanations of the second-order kinetics together with the heterogeneous 
effects might be suggested. (i) Adsorption of monomer followed by bimolecular reaction 
in the adsorbed phase. (ii) A chain reaction where initiation and/or termination occurred 
at the solid surface. The second-order behaviour could be accounted for in this case by 
the following scheme : 


M — X, or 2M —> X 
X+M-—->D-4+A 
A+M-—->X ' ‘ 

X —> ?, or 2X -—> ? 


where M is the monomer, D the dimer, and X and A are intermediates. This scheme 
leads to: 


—dM/dt = 2[MPk,ko/ky or 2ko[M]?-/ (hk, /2R,) 


If (1) or (4) or both were wall reactions, heterogeneous effects would result. Since 
packing the vessel leads to an increase in rate it is unlikely that termination is a wall 
reaction, and the assumption remains that (1) is a heterogeneous process. This is 
contradicted by the indifference of the reaction to a surface layer of quinol, the rate being 
identical with that in the untreated vessel, and also by the apparent absence of dimer 
formation in the gaseous phase. 

For these reasons alternative (i) above seems preferable. 

Over the temperature range employed (0—95°) the dimerization followed a steady 
second-order course which was independent of temperature and pressure. These conditions 
are those which obtain when the apparent order is equal to the molecularity, the reaction 
being unretarded by the product (Hinshelwood, ‘‘ Kinetics of Chemical Change,’’ Oxford 
Univ. Press, 1947, p. 195). 

Since the reaction is bimolecular it is envisaged that the rate-controlling step is reaction 
between two adsorbed molecules or between one molecule in the adsorbed phase and one in 
the gaseous phase, but the present results do not allow distinction to be made between 
these modes of reaction. 

The activation energy found from a plot of log,)(k,7) against 1/T is E = 
—3-7 kcal./mole. The function 2,7 is used since 6, the fraction of available surface 
covered by adsorbed molecules, is a function of temperature. In fact the value of E 
obtained is not very sensitive to the power of T used in this calculation and the plot of 
logy, (k,7*) is almost identical in slope with the former. The fact that the activation 
energy is negative cannot be explained by a reversible dimerization leading to an 
equilibrium 2M == D, since the residual pressure after infinite time was not dependent on 
temperature, but it is simply accounted for by the temperature dependence of adsorption. 

The author thanks Dr. C. H. Bamford for his valuable advice and interest, Mr. D. L. Tyler 


for the benefit of discussion, Mr. G. Ingram for the analyses, and the Directors of Courtaulds, 
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COURTAULDS LIMITED, RESEARCH LABORATORY, 
MAIDENHEAD, BERKS. (Received, February 25th, 1952.) 





(1952) Hepburn and Phillips: The Alums. Part I. 2569 


487. The Alums. Part I. A Study of the Alums by Measurement 
of their Aqueous Dissociation Pressures. 


By J. R. I. Hepsurn and R. F. PHILuips, 


Measurements of equilibrium aqueous dissociation pressures over the 
temperature range 20—35° (or 40°) have been made, by the transpiration 
method, for the following (sulphate) alums : sodium, potassium, ammonium, 
hydroxylamine, and methylamine aluminium alums; potassium and 
ammonium chrome alums; and ammonium ferric alum. Both the 
dissociation pressures and the derived heats of dissociation per mole of water 
(AHygo_40) are discussed in terms of the crystal structure of the alums. The 
results support the X-ray crystallographical evidence that there are three 
distinct alum structures but also extend this knowledge by suggesting reasons 
why many alums have not so far been and may never be isolated. Results 
obtained in preliminary experiments with CuSO,,5H,O are also reported. 


Tuis investigation of the alums by means of their aqueous dissociation pressures was 
prompted by a crystallographical interest in the nature of the valency forces involved in 
the linkage of molecules of water of hydration within the crystal lattice. The general 
problem of the mode of linkage of water molecules in solid hydrate structures is not new; 
on the one hand there is Werner’s co-ordination theory, as developed by Sidgwick, involving 
direct linkage via a co-ordinate link to the cation or involving hydrogen bonds to the 
oxygen atom of an anion; on the other hand there is the physical electrostatic theory of 
Fajans (Deut. phystkal. Ges., 1919, 21, 549, 709), Born (Z. Physik, 1920, 1, 45), and others, 
according to which the forces involved are entirely electrostatic. More recent work, 
notably by Day, Hughes, Ingold, and Wilson (J., 1934, 1593), tends to support the latter 
view. 

Measurements of equilibrium aqueous vapour pressures at various temperatures enable 
heats of hydration to be calculated. If these quantities are determined for an isomorphous 
series of hydrates, then the effect of the crystal structure on the numerical value of the 
heat of hydration might be expected to be essentially constant from one isomorphous 
hydrate to the next. Variations found to occur in the values for the heats of hydration 
would then require explanation in terms of the constituents other than water. In choosing 
the alums M*M**(SO,),,12H,0 for investigation it was expected that the heats of hydration 
might show some well-defined dependence on the nature of the M* and/or M**, which should 
throw light on the mode of linkage of the water molecules within the crystal structure. 

Only the sulphate alums (KAI, NaAl, etc.) were investigated and in all some 700 
individual vapour pressure measurements were made within the range of 20—40°. The 
chrome alums of hydroxylamine and methylamine were prepared, but so far have not been 
investigated. In some cases, two or more quite distinct series of equilibrium aqueous 
vapour pressure results were obtained for a given alum and these are discussed in terms of 
the stages involved in the complete dehydration of the alums. Of general interest, perhaps, 
is the wide range of vapour pressures found with the alums; thus at 25° NH,Al gives a 
value of 1-62 mm. Hg, compared with 20-45 mm. shown by NaAl (cf. water at 25°, 
23-7 mm.). 

EXPERIMENTAL 


The equilibrium aqueous vapour pressures of the alums were determined by the dynamic or 
transpiration method (see Partington, J., 1911, 99, 466; 1923, 123, 160; 1930, 635). 

Dry purified air was aspirated through the hydrate column contained in a series of wide-bore 
U-tubes immersed in a thermostatic bath, and thence via weighed phosphoric oxide tubes, etc., 
to the aspirator. Values for the equilibrium aqueous vapour pressure were then calculated 
from the volume of air aspirated and the increase in weight of the phosphoric oxide tubes, by 


using the formula : 
273-1 + T, 760 P—a—hy 
273-1 0-8039 ] \P — h — py 
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where W = increase in weight of P,O, tubes, $, = vapour pressure of the hydrate, T, = 
temperature of the air (and water) in the aspirator at the end of the experiment, P = final 
atmospheric pressure, a and h = readings of the mercury manometers attached to the aspirator 
and to the hydrate column respectively, py = saturation aqueous vapour pressure of the water 
at temperature 7,, and V, is the corrected volume of air aspirated and equals 


y a V(r — Pi) 

3 (P; — a) 
where V is the volume of water in the receiver from the aspirator, and P; and P; are the 
barometric pressures at the beginning and end of the experiments. 

The above formula for py, is the same as that used by Baxter and Lansing (j. Amer. 
Chem. Soc., 1915, 37, 309) except that a corrected volume V, is used in the present calculations. 
The means of the vapour pressure values obtained at each temperature were then used to find 
the best values of the constants A and B in the equation log,, p = B + A/Tapg.. 

The mean heat of dissociation per mole of water vapour (within the temperature limits of 
the determination) is then equal to 4-575A cals. 

Novel features in the experimental lay-out included : complete immersion of the U-tubes 
(containing the alums) and the delivery tubes below the water level of the thermostatic tank, 
thereby preventing aqueous condensation and also fluctuations in the temperature of the 
entraining air in the delivery tubes; direct access of the delivery tubes through the sides of the 
thermostat (below water level) to the external phosphoric oxide tubes; and arrangement of 
the transpiration chain to enable the equilibrium aqueous vapour pressures of three different 
hydrates to be determined simultaneously during a single aspiration. The usual precautions 
were taken to prevent condensation in the delivery tubes outside the thermostatic tank, and the 
latter was maintained at T° + 0-01° by means of a delicate electronic relay. Local variations 
in air pressure at the beginning and the end of the hydrate columns were measured by means of 
small mercury manometers. 

The general procedure adopted in determining the equilibrium aqueous vapour pressures 
was as follows. The hydrate crystals (purified by at least one recrystallisation) were ground to 
small crystals and then stored over concentrated sulphuric acid in a desiccator to initiate 
efflorescence. The crystals were stirred from time to time with the object of inducing 
efflorescence in as many crystals as possible. The partially dehydrated crystals were then 
charged into the appropriate U-tubes (to be placed in the thermostatic tank), and the transpiration 
chain was assembled and tested for leaks. Air was then aspirated through at a rate of usually 
2—4 1. per 24 hours, the approximate duration of each experiment. At best, reproducible 
results were obtainable from a given hydrate column within a week of commencing the series of 
experiments, but sometimes about a fortnight was required before reproducible constant values 
for the aqueous vapour pressure could be obtained. The determinations were then continued 
until a reliable average result could be determined. The thermostatic bath was then raised to 
the next temperature and the determinations continued. Weighings were carried out to the 
fifth decimal place by the method of short swings, with precautions as regards counter-poising, 
temperature, humidity control, etc. 


TABLE 1. CuSO,,5 —~> 3H,0. 


V.p. (mm. Hg) Mean v.p. Other workers 
5-41, 5-44, 5-53, 5-54, 5-48 5-48 — 
7-83, 7-85, 7-84, 7-79, 7-83, 7-89, 7-80, 7-83, 7-94 7-84 7-71 (1); 7-92 (2); 7-8 (3); 7-82 (4) 
11-26, 11-41, 11-27, 11-21, 11-31 11-29 11-74 (2), 11-30 (4) 
16-06, 16-11, 16-06, 16-04, 16-05, 16-06, 16-07 16-06 17-01 (2); 16-14 (4) 
22-84, 22-81, 22-74, 22-57, 22-60, 22-86 22-74 22-77 (4) 
(1) Partington, J., 1911, 99, 466. (2) Partington, /., 1930, 635. (3) Carpenter and Jetti, /. 
Amer, Chem. Soc., 1923, 45, 578. (4) Collins and Menzies, J. Phys. Chem., 1936, 40, 379. 


From the “ best-equation ’’ of the form log p = B + (A/T), viz., logy, p = 10-4250 — 2840-16/ 
Tars,, the value of 12,994 cals. is obtained for the mean heat of dissociation per mole of water vapour 
in the temperature range 20—40°. 


As a control on the method, a redetermination was made of the equilibrium aqueous vapour 
pressure for the system CuSO,,5 —-> 3H,O. Our results are shown in Table 1 together with 
the recorded results. Ours are in excellent agreement with the best recent values, viz., those 
obtained by Collins and Menzies by the isopiestic method. 
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RESULTS 

The following sections contain the equilibrium aqueous vapour pressure results obtained 
for the KAl, NH,Al, NaAl, KCr, NH,Cr, NH,Fe, NH,*OHAI, and NH,MeAI (sulphate) alums. 
These refer to the equilibria of the type KAI(SO,),12H,O — = KAI(SO,),,6H,O + 6H,O. 
Where more than one series of results are quoted, it has been assumed that the lowest series are 
in each case those appropriate to the above first stage in the hydrate-dissociation reaction : the 
significance of the various results is briefly considered, but their detailed analysis is deferred to 
the general discussion. 

Potassium Aluminium Alum.—Table 2 below gives the individual and mean aqueous vapour 
pressure results obtained with recrystallised ‘‘ AnalaR’’ KAI(SO,),,12H,O. They fall into 
three series as shown in Fig. 1. The best equations for the lowest series of results are : 

Curve A: logy p = 9-9360 — 2859-56/T ars. 
AH = 13,082-5 cals./mole of water. 

Curve B: logy, p = 11-6584 — 3342-98/Tir. 
AH = 15,294-0 cals./mole of water. 


The lowest series of vapour pressure results was obtained on material which had not 
previously been subjected to a temperature higher than the temperature of the measurement, 


Fic. 1. 








3:30 
10*/Tabs, 
(Correction: Curve B, second point from right, for 2-75 read 2-74.) 


the higher series in general only on material which had previously been subjected to moderate 
heat (to initiate efflorescence) before the experiments. That preheating of the crystalline 
material was a contributory cause of the higher equilibrium values was confirmed by the 


TABLE 2. KAI(SO,),,12H,O. 
Temp. Aqueous v.p. (mm. Hg) 
20° , 1-83, 1-81, 1-82 
“55, 1-41, 1-50, 1-44, 1-43, 1-58, 1-61 
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evidence that whenever the determinations were carried out with the same material at a 
temperature lower than those of the preceding determinations (e.g., 25° after 30°), then the 
equilibrium vapour pressure value usually belonged to one of the upper series. 

It was this multiplicity of equilibrium aqueous vapour pressure values obtained on material 
differing only in its previous heat treatment that later led to adoption of the room-temperature- 
efflorescence technique as standard procedure so as to ensure as far as possible that only the 
lowest series of equilibrium aqueous vapour pressures was measured. Experiments were also 
carried out at increasing rather than decreasing temperature intervals. This possibly explains 
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why, in the case of the other alums studied, with the notable exception of NH,Al alum, only one 
series of results in each case has been determined in this investigation. In the case of NH,Al 
alum, however, three series of results are also reported. 

While it is not possible without further evidence to establish conclusively the reason for the 
three series of results obtained with KAI alum, it has been assumed as mentioned above that 
the lowest series refer to the normal reaction : 

KAI(SO,).,12H,O =» KAI(SO,),,6H,O + 6H,O 

Since the remaining series appear after heat treatment, they may arise from metastable 
equilibria of the types : 

KAI(SO,).,12H,O = KAI(SO,),,3H,O + 9H,O 
KAI(SO,),12H,O =» KAI(SO,), + 12H,O 

It is then to be supposed that the effect of the heat treatment is to produce nuclei of the 
lower hydrate and/or of the anhydrous salt, which subsequently initiate dehydration in 
accordance with the above equilibria. 

Ammonium Aluminium Alum.—Table 3 gives the individual and mean equilibrium aqueous 
vapour pressures obtained with twice recrystallised AnalaR NH,AI(SO,),,12H,O. These 





i 
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results, the means of which are plotted in Fig. 2, fall like those of KAl alum into three series. 
The ‘‘ best ’’ equation for the two lowest series of results are : 
Curve A: logy p = 11-0089 — 3218-65/T aps. 
AH = 14,725 cals. /mole of water. 
Curve B: logy) P = 11-5350 — 3337-11/T arg. 
AH = 15,267 cals./mole of water. 


TABLE 3. NH,AI(SO,).,12H,0. 


Aqueous v.p. (mm. Hg) Mean 
, 1-07, 0-99, 0-98 
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, 449, 4-71, 4-47, 4-62 
6-01 


8-57, 8-86, 8:57, 8-81 


The lowest series was particularly difficult to determine and indeed no values for this series 
were obtained for the temperatures above 30°. The difficulty experienced with this alum is 
attributed to the relatively low numerical values of the equilibrium aqueous vapour pressure 
coupled with the apparent ease with which other dissociation reactions, probably 12H,O —~ 
3H,O and 12H,O —-> 0H,O, appear to occur with increase in temperature in the partly 
dehydrated crystals. As in the case of KAI alum, discussion of the three series of results is 
deferred. 

Sodium Aluminium Alum.—Table 4 and Fig. 3 give the results for sodium aluminium alum 
(recrystallised three times). Earlier experiments carried out on coarse crystalline material, as 
normally sold for laboratory use, gave values (not described) substantially lower than these. 
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The purer the alum (i.¢., the more often it had been recrystallised), the smaller was the tendency 
to effloresce in air. The results yield : 


logy P = 9-2032 — 2352-52/T are. 
AH = 10;763 cals./mole of H,O. 


TABLE 4. NaAl(SO,)9,12H,O. 


Aqueous v.p. (mm. Hg) 

15-22, 15-08, 15-00, 15-13, 15-15, 15-17, 15-00, 15-12, 14-93, 14-95, 14-72, 15-32, 
14-94, 15-02, 14-89, 14-79, 14-92, 15-30, 14-94, 15-18, 15-08, 15-15, 14-93, 
15-10, 15-14, 15-32 

20-08, 20-02, 20-11, 20-12, 20-12, 20-80, 20-87, 20-92, 20-30, 21-00, 21-29, 20-73, 
21-03, 20-93, 20-09, 20-05, 20-13, 20-14, 20-17, 20-08 

27-69, 27-61, 27-55, 27-75, 27-44, 27-89, 27-82, 27-10, 27-92, 27-07, 27-95 

36-52, 37-09, 37-25, 37-31, 37-16, 36-63, 37-29, 37-02, 37-28, 36-42, 36-70, 37-24, 
37-25, 36-24, 36-85 

49-01, 49-00, 48-49, 49-45 


© Sodium aluminium alum 
a Ammonium ferric alum 
Q Potassium chrome alum 
x Ammonium chrome alum i 


1 
3-20 3-25 3:30 3-35 








W/Tabs. 
Potassium Chrome Alum.—Our results are in Table 5 and Fig. 3. Calculation yields : 


logy) P = 10-5310 — 2829-27/T aps. 
AH = 12,944 cals./mole of water. 


Measurements on this alum have also been made by Ephraim and Wagner (Ber., 1917, 50, 
1088) and by Cooper and Garner (Proc. Roy. Soc., 1940, A, 174, 487). The latter made their 
measurements on large single crystals using a static method and it is of interest that their values 
are approximately 20% greater than those reported above, viz.: 9-33 (20°); 13-30 (25°); 
17-77 (30°); 24-41 (35°). They state that great care was taken not to subject the crystal to a 
higher vapour pressure than its dissociation pressure since otherwise the approach to equilibrium 
could not be attained in several days. According to the present investigation it seems, however, 
that that is precisely what they did not do. The effect of maintaining a vapour pressure in 
excess of the equilibrium value would be to produce a saturated solution as a film and, although 
such a film might well be invisible under the conditions of the experiment, the equilibrium 
pressure measured would be that of the saturated solution. This explanation is confirmed 


TABLE 5. KCr(SO,),,12H,O. 
Aqueous v.p. (mm. Hg) Mean 
7-62, 7-47, 7-65, 7-63, 7-54, 7-57 7:58 
10-89, 10-91, 10-90, 10-89 10-90 
15-72, 15-70, 15-69, 15-74, 15-70 15-71 
22-40, 22-60, 22-18, 22-31, 22-20, 22-57 22-38 


from the fact that Cooper and Garner’s results indicate a value of 10,030 cals. for the heat of 
dissociation per mole of water of the hydrate, which is similar to that of pure water (10,700 cals.) 
and to that of a saturated solution of copper sulphate (10,390 cals.). The values for 
CuSO,,5 —-> 3H,O and for KCr(SO,),,12 —-> 6H,O obtained by us are, however, substantially 
higher, viz., 12,994 and 12,944 cals. respectively. 
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The only other recent results are those of Spangenberg (Neues Jabrbuch Min., Geol., Pal., 
1949, A, 99) who used a modified form of the Bremer—Frowein differential tensimeter (Z. physikal. 
Chem., 1895, 17, 52). His results appear in general to be only approximate and are in many 
cases difficult to accept, as indicated, for example, by such results as 17 (25°), 17-5 
(30°), 24 (35°), and 34 mm. (40°) for KCr alum. 


TABLE 6. NH,Cr(SO,),12H,0. 
Aqueous v.p. (mm. Hg) 
4-64, 4-69, 4-73, 4-65, 4-81, 4-60, 4-78, 4-62, 4-62, 4-55, 4-57, 4-70, 4-63, 4-79 
7-20, 7-19, 7-13, 7-26, 7-09, 7-06, 7-04, 6-94 
10-45, 10-31, 10-68, 10-77, 10-72, 10-63, 10-67, 10-42, 10-29, 10-35 
15-10, 15-29, 15-35, 15-20, 15-23, 15-50, 15-51, 15-63, 15-75, 15-64, 15-72 


Ammonium Chrome Alum.—See Table 6 and Fig. 3 for results, which lead to : 
logy P = 11-3276 — 3123-53/T ays. 
AH = 14,290 cals./mole of water. 


TABLE 7. NH,Fe"(SO,).,12H,0O. 

Temp. Aqueous v.p. (mm. Hg) Mean 
20° 9-63, 10-15, 10-31, 10-26, 10-13 10-10 
10-66, 10-71, 10-71, 10-67, 10-73, 10-87, 10-76, 10-65, 10-78, 10-87 10-73 

11-04, 11-10, 11-25, 11-27, 11-23, 11-06, 11-14, 11-18 11-19 

14-46, 14-10, 14-09, 14-22, 14-72, 14-60, 14-48, 14-64, 14-61 14-44 

16-60, 16-36, 16-43, 16-68, 16-54, 16-44, 16-62, 16-46, 16-47, 16-45 16-49 

21-49, 21-47, 21-45, 21-50, 21-45, 21-60 21-51 

23-62, 23-23, 23-51, 23-41, 23-48, 23-70, 23-73, 23-19, 23-55, 23-27 23-47 

29-67, 31-63, 31-75, 31-15, 31-18, 31-70, 31-39, 31-19 31-45 


Ferric Ammonium Alum,.—The results (Table 7 and Fig. 3) fall into two series and lead to : 


Curve A: logy p = 11-5718 — 3103-79/Taps. 
AH = 14-200 cals./mole of water. 

Curve B: logy p = 10-8026 — 2858-39/T aps, 
AH = 13,077 cals./mole of water. 


The results of curve A are considered to be correct for the system FeNH,(SO,),,12 —~>» 
6H,O, leaving the other series to be attributed either to a different dissociation reaction, e.g., 
NH,Fe(SO,),,12 —~ 3H,O, or to a limited hydrolysis of the alum crystals. Of the two 
possibilities, the evidence (drawn very largely from the behaviour of the closely related 
KFe alum) mainly supports the hydrolysis theory. Thus, KFe alum prepared by crystallisation 
from the aqueous solution at temperatures of the order of 0° has the same pale violet colour as 
NH,Fe alum, but unlike the latter is unstable at ordinary temperatures. Crystals appear to 
deliquesce at room temperatures, becoming covered with a brown film of ferric hydroxide. 
Washing the crystals initially with cold sulphuric acid tends to retard this ‘‘ deliquescence ’’ 
and suggests that hydrolysis and not deliquescence occurs during the decomposition. 


TABLE 8. (NH,*OH)AI(SO,).,12H,O. 
Aqueous v.p. (mm. Hg) 
8-66, 8-70, 8-60, 8-67, 8-55, 8-63, 8-78 
11-85, 12-36, 12-06, 12-31, 12-28, 12-30, 12-20, 11-91 
17-06, 16-78, 17-20, 16-95, 16-94, 17-42, 17-19 
23-63 
25-25, 25-99 


43-26, 42-58, 42-45, 42-85 
Hydvoxylamine Aluminium Alum.—Our results (Table 8) lead to : 
logy) P = 9-8724 — 2619-07/T aps. 
(calculated from mean values at 20°, 25°, and 30°) 
AH = 11,982 cals./mole of water. 
The values obtained at 20°, 25°, and 30° are mutually consistent, and Fig. 4 shows that the 


mean values for these temperatures also conform to the expected linear relation of log, p to 
1/T ys. Results at 35° were not, however, in accordance with expectation. It is true that the 





[1952 Hepburn and Phillips: The Alums. Part I. 2575 


first result obtained at this temperature (viz., 23-63 mm.) was almost exactly that expected from 
the above “ best’ equation, but later results were appreciably higher and variable. The 
temperature was therefore raised to 40°; at this temperature the results agreed very well 
amongst themselves but were considerably higher than the value extrapolated from results at 
the three lower temperatures (viz., 42-79 mm.; cf. 32-17 mm.). It thus appears that at or 
about 35° some change occurs in the material or in the nature of the dissociation reaction, 
There appear to be various possible explanations, viz. : an increase in the number of mols. of 
water involved in the dehydration reaction (cf. KAl and NH,Al alums); a transition or 


@ Myadroxylamine aluminium alum 
5+ x Methylamine aluminium alum 


i =" 4 


3-20 325 3:30 
103/ Tabs. 


(Correcton: upper curve, for 25-63 read 23-63; lower curve, for 4-23 read 4-28.) 








morphotropic change from the y- to «a-alum structure (Lipson); hydrolysis or other 
decomposition of the alum; or various combinations of these. We consider the first 
explanation to accord most closely with the facts. 


TABLE 9. (NH,Me)AI(SO,),,12H,O. 
Aqueous v.p. (mm. Hg) 

2-13, 2-11, 2-15 

4-26, 4-27, 4-19, 4-41 

8-39, 8-54, 8-73, 8-41, 8-90 

13-08, 13-01, 13-27, 13-54, 13-11 

19-20, 18-89, 19-19, 19-07, 19-05, 19-25 
Methylamine Aluminium Alum.—The results (Table 9) lead to : 


logy P = 18-6832 — 5380-27/Tyys. 
AH = 24,615 cals. /mole of water. 


Fig. 4 shows that the mean values fall into two series intersecting at 30-9°. Whereas all 
the other alums examined in this investigation gave results at the higher temperatures which 
were equal to or greater than those calculated from the “ best ’’ equations, these results above 
30-9° were lower than expected. Possible explanations are that 30-9° is a true hydrate transition 
temperature (the 12H,O hydrate being stable below 30-9°) and that rearrangement occurs 
within the crystals at this temperature, resulting for example in a change from the £- to the 
a-alum structure (Lipson). The former explanation, involving release of water could not be 
substantiated, but there is some evidence in support of the second. Thus, methylamine alum 
crystallises with the $-alum structure, found also with CsAl alum, where the univalent ion is 
large in relation to other univalent ions. Although CsAl alum was not examined in this 
investigation, the fact that the heat of dissociation of methylamine alum determined from the 
results at 20°, 25°, and 30° (24,615 cals.) is appreciably greater than the corresponding value 
found for alums having the a-structure (14,000—15,000 cals.) supports the X-ray evidence that 
this alum does not have the a-structure. Furthermore, Lipson (Phil. Mag., 1935, 19, 887) has 
found that methylamine alum is dimorphous. It has the same parameters and structure as the 
CsAl alum (i.e., the B-alum structure) and yet can be deposited from solution on RbAI alum, 
then having the KAI (a-)alum structure. The heat of dissociation (AH) calculated from the 
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present vapour-pressure values at 35° and 40° is also approximately the same as that determined 
for those alums known to have the a-alum structure. 

It seems very probable therefore that at 30-9° methylamine alum undergoes an internal 
structural rearrangement from the 8- to the «-alum structure. Attempts to establish such a 
transition by a thermometric method were, however, unsuccessful, but this might well be due to 
a slow rate of change due to a high activation energy. 


DISCUSSION 


The X-ray crystal structure analysis by Lipson and his collaborators (Lipson, Phil. Mag., 
1935, 7, 887; Lipson and Beevers, Proc. Roy. Soc., 1935, A, 148, 66) has shown that the alum 
formula should be written M*(H,O),,M%*(H,O).,,(SO,)., since each cation is surrounded by 
a more or less regular octahedral arrangement of six water molecules as its nearest 
neighbours. From the additional evidence of the interatomic distances, it appears that the 
M*"-type water molecules form a much more compact envelope around the central M?* ion 
than is the case with the corresponding M*—water complex. The M*%* ion apparently 
co-ordinates its six water molecules, whereas the M* ion appears merely to fill the interstice 
formed by the enveloping M*-type water molecules. The M°* ion is not, however, without 
significance in determining the formation of the alum structure, and Lipson has indeed 
shown from the results of X-ray crystal analysis that there are three slightly different 
alum structures and that the size of the M* ion plays a fundamental role ‘in determining 
which of these is formed. Of the three, the «-form is obtained with the medium-sized 
univalent ions (such as K* and NH,”*), the $-structure with the larger univalent ions (such 
as Cs* and NH,Me’*), and the y-structure with the smaller univalent ions (such as Na‘). 

The present investigation has provided further evidence in favour of the different alum 
structures and also of the different behaviour of the water molecules surrounding the M* 
and M%* ions. Thus the above conclusion of a less rigid binding of the six M*-type water 
molecules suggests that the primary dissociation reaction involves these, viz. :* 


M*(H,O),,M3*(H,O),(SO,)> —> M*,M3*(H,O),,(SO,)> + 6H,O 


Direct evidence for this suggestion comes from the heats of dissociation (Table 10). 


TABLE 10. Heats of dissociation (cals.). 
Structure Radius (A) Al Cr3* Fe?" 
10,763 
11,982 - 
13,083 12,944 -— 
14,725 14,290 14,200 
24,615 - ~ 
Thus, in the ammonium series, replacement of the Al** by Cr3* or Fe** causes only a slight 
change in the heat of dissociation (14,725, 14,290, and 14,200 cals.); on the other hand, in 
the aluminium series, replacement of Na* by NH,°OH"*, K*, etc., leads to considerable 
increases (10,763, 11,982, 13,083, 14-725, 24,615 cals.). 

However, our results appear to reveal also what might be termed a remote field effect 
due to the strong polarising power of the relatively small M* ions and support the view 
that each M** ion exerts its particular stabilising influence on the alum structure. Thus 
the smaller the M%* ion, the greater becomes its polarising power. This power might be 
expected to be transmitted through the M3*-H,0O screen to the structure as a whole and in 
particular to the M*-type water molecules. The resultant tightening-up would then 
increase the stability of the latter water molecules and hence increase their heat of 
dissociation. The heats of dissociation should increase slightly with decrease in the radius 
of the M** ion. Thus whereas the stability of the alum increases with increase in the radius 
of the univalent M* ion, it increases with decrease in the radius of the tervalent M** ion. 

This inverse relation in the effect of the sizes of the ions is disclosed also in the 
equilibrium aqueous vapour pressure results, some of which are collected in Table 11. 
With the exception of the methylamine aluminium alum, it is seen that these values 
increase with increase in the size of the M%* ion and with decrease in the size of the M* ion. 
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(That the vapour pressure of methylamine alum is greater than that of the NH,- and 
K-alums presumably results from the different (8-)structure of this alum.) 


Thus, the stability of the alum appears to be determined by (a) the size of the M* ion, 
Fic. 5. 
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(b) the size and hence polarising power of the M** ion, and (c) the chemical stability of the 


M**(H,O), complex. Decrease in the size of the M* ion has the effect of loosening the 


TABLE 1]. V.p. (mm. Hg) of alums at 25°. 
Increasing radius of M,+ —> 
Al (0-57) Cr (0-64) 
Increasing 20- > 23-57 
radius “% ? 
of Mt 2+: 10-96 
| 6: 7-07 
. ? 
8c 
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structure and so decreasing the stability of the alums, a tendency which is partly 
compensated by the change in structure from the $-form, first to the a- and then to the 
y-form. The vapour pressures increase and the heats of dissociation decrease. Conversely, 
increase in the size of the M%* ion causes a similar loosening of the structure as a result of 
the decreased polarising influence. This results principally in an increase in the vapour 
pressure and in a (very much smaller) decrease in the heat of dissociation. The latter is 
thus not uniquely determined by the size of the univalent cation with which the escaping 
water molecule was associated, but rather by the whole structural environment of that 
water molecule within the crystal lattice. When the combined effect of both factors 
would be such as to increase the vapour pressure to a theoretical value in excess of that of 
water (or, more correctly, of that of a saturated solution of the alum), then it might be 
expected that such an alum would have no real existence at the temperature in question. 

Although one would hesitate to say positively on the evidence adduced in this 
investigation that certain alums cannot exist, yet it is perhaps significant that in those 
cases in which the present view suggests non-existence such alums have in fact yet to be 
reported ; in other cases (e.g., NaCr alum), where the theory expresses doubt, the evidence 
of satisfactory preparation is also indefinite and suspicious. 

In Fig. 5, the alums are shown as a function of (increasing) radii of the M* and 
M** cations. The distribution of the known (and therefore stable) alums provides 
confirmation of the views expressed above. It is seen that their number increase with 
both decrease in the size of the M** cation and increase in that of the M* cation. With 
the exception of the doubtful NaCr alum, all the known alums appear to lie above a 
boundary line (shown broken in the fig.). A more precise position of this dividing line 
is obtained (as shown in Fig. 6) by plotting the alums as a function of the polarisability 
of the M* ion and the polarising power of the M%* ion, as suggested by the evidence of 
this investigation. The present authors suggest that where the ‘‘ alum ’’ would fall below 
the “‘ instability line ’’ of Fig. 6 then such an alum does not exist, with reservation as to 
the precise position of the “ instability line.” 

The authors would like to place on record their appreciation of the facilities provided by the 
Northampton Polytechnic. 

NORTHAMPTON POLYTECHNIC. 


GUILDFORD TECHNICAL COLLEGE. 
LOUGHBOROUGH COLLEGE. | Received, December 3rd, 1951.) 


488. The Alums. Part II.* A Theory of Hydrate Dissociation and 
Aqueous Dissociation Pressure, with Particular Reference to the 
Alums. 


By R. F. PHILvips. 


The aqueous dissociation pressure results reported in Part I* have been 
critically examined to see if they throw light on the mechanism of 
dehydration. It has been shown that the constant (k) of the equation p = 
ke—AH/RT represents, at least in part, the contribution of the crystal structure 
as a whole and it is suggested that it manifests itself in the formation of a 
partially dehydrated crystalline zone which separates the reaction interface 
from the partially (or completely) dehydrated amorphous product of the 
reaction, 


THE earlier measurements of hydrate aqueous dissociation pressures focused attention 
on the slightly different values obtained by static methods (e.g., the Frowein tensimeter) 
and dynamic methods (e.g., the transpiration method). Partington (J., 1911, 99, 466) 
suggested as a possible explanation the formation during dehydration of an unstable, 


* Part I, preceding paper. 
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probably amorphous, lower hydrate or anhydrous salt, which slowly passes into a stable 
crystalline modification. Other explanations have been offered by Tammann (Amn. Physik, 
1888, 33, 322), Nernst (Z. phystkal. Chem., 1908, 64, 425), Baker (Ann. Reports, 1911, 8, 34), 
and Campbell (Trans. Faraday Soc., 1914, 10, 195). Menzies (J. Amer. Chem. Soc., 1920, 
42, 1951), taking very careful precautions, showed that the differences were less significant 
than hitherto supposed and that the discrepancy was within the limits of experimental 
error. Partington’s suggestion of a phase change during dehydration represents, however, 
a significant advance on earlier views regarding the mechanism of dehydration. 

Langmuir (ibid., 1916, 38, 2263) showed that dehydration occurs only at the boundary 
of the two phases. He suggested that the rate of the dissociation reaction is proportional 
to the number of uneffloresced molecules adjacent to effloresced molecules in the reaction 
zone, whilst the reverse reaction is proportional to the pressure and to the number of 
effloresced molecules (7.e., adsorption sites) in the same boundary zone. Crowther and 
Coutts (Proc. Roy. Soc., 1924, A, 106, 215) distinguish between different types of behaviour 
in dehydration reactions and note the possible impedance effect of a layer of lower hydrate 
on a hydrate crystal. Damerell, Hovorka, and White (J. Phys. Chem., 1932, 36, 1255) 
assume that rearrangement of the lattice structure occurs during dehydration with 
formation of the lower hydrate or anhydrous salt ; the case of aluminium oxide trihydrate 
which they investigated appeared, however, to be exceptional in this respect since X-ray 
diffraction evidence indicated no such lattice change. Taylor and Taylor (Ind. Eng. Chem., 
1935, 27, 672) investigated the rates of dehydration for hydrates having different rates of 
formation of nuclei; they found the rate to be proportional to the area of interface and 
noted that the resultant anhydrous salt is so porous in comparatively thin layers as to 
offer very little resistance (impedance) to the escape of water molecules. The presence of 
gases, other than water vapour, absorbed in the amorphous phase may however impede 
such escape. Damerell and Tower (Colloid Symp. Monograph, 1935, 12, 143) found that 
the equilibrium vapour pressure results of many investigators agreed with the theory that, 
as water of crystallisation leaves the surface, the residual skeleton lattice structure remains 
as a film, held to the unchanged lattice by valency forces. As water continues to evaporate, 
this film becomes thicker and the outer portions (in most cases) become metastable. The 
instability finally causes rearrangement to the lattice of the other solid phase. The 
(average) constant thickness of this skeleton lattice is, they say, the cause of the constancy 
of vapour pressure during dehydration. 

More recently attention has been focused on measurement of rates of dehydration 
with single crystals, and of especial importance in this connection have been the 
contributions by Topley (Proc. Roy. Soc., 1931, A, 134, 224; 1932, A, 136, 413; 1933, A, 
139, 588; J., 1929, 124, 2633; Trans. Faraday Soc., 1931, 27, 94) and by Garner (Proc. 
Roy. Soc., 1940, A, 174, 487; 1947, A, 189, 508; Sct. Progr., 1938, 33). These 
investigators attacked the problem of the equilibrium vapour pressure by analysing the 
rate processes involved in dehydration of single crystals under non-equilibrium conditions. 
Factors which play a part in these processes, excluding the still imperfectly understood 
induction period, include hindrance to escape of water molecules (impedance), the difficulty 
of initiating efflorescence on a perfect crystal owing to the higher vapour pressure of small 
nuclei (Bradley, Quart. Reviews, 1951, 5, 315), and the acceleration of dehydration by 
impurites (cf. observations reported in Part I on pure and impure NaAl alums). The 
results show that the primary process may originate at lattice defects within the crystal 
structure (Garner, 1938, 1947) related to the Frenkel and/or Schottky disorder, or to surface 
nucleation (in its true sense of an initial process). Garner has investigated the rate 
processes from microscopical examination of ‘‘ nuclei,’’ where the lower limit of size is of 
the order of 10-3 cm., and has shown how dehydration tends in general to follow preferred 
directions within the crystal lattice. Such evidence has a direct bearing on the influence 
of the nature of the crystal lattice on dehydration processes. 

Analysis of the Aqueous Vapour Pressure of the Alums.—Lipson and Beevers (Proc. Roy. 
Soc., 1935, A, 148, 664) have shown that the water of crystallisation contained in the alum 
structure belorigs to one or other of two types, depending on whether the related metal ion 
is M* or M’*. The former is regarded as structural water and is more mobile than the 
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latter; the results recorded in Part I of this series showed that the former are the molecules 
of water concerned in the dissociation equilibrium first established; some of these results 
are reproduced in Table 1. Clearly, in this series of alums, reduction in AH, the heat of 


TABLE 1. 
Struc- (mm. Hg; Struc- p (mm. Hg; 
ture 25°) AH (cals.) ! 25°) AH (cals.) 
NaA y 20-48 10,763 10-90 12,944 
N ose ? 12-20 11,982 v 7-11 14,290 
KAI 2-21 13,083 NH,MeAI _... 4-31 24,615 
1-62 14,725 


hydration, leads in each of the three types of structure («, 8, or y) to an increase in the 
equilibrium aqueous pressure. For alums of «-structure (KAl and NH,Al), it may be 
supposed that the structural environment of the escaping water molecules is essentially 
the same in the two cases (see Part I), leading to rather similar values of & in the 
equation p = ke~4#/RT, The heats of hydration for the two cases are distinctly different, 
however, and it is tempting to conclude that the factor e~44/"7 is in this case the dominating 
factor and leads, as actually found, to a decrease in vapour pressure (p) with increase 
in AH. 

That the k factor may sometimes prove more significant than the exponential factor is 
suggested by the equilibrium aqueous pressure results for alums having the same M* but 


TABLE 2. 


Struc- (mm. Hg; Struc- p (mm. Hg; 
25°) AH (cals.) Alum AH (cals.) 
2-21 13,083 62 14,725 
10-96 12,944 vH,C , 14,290 
J 14,200 


different M%* (cf. Table 2). Here again a decrease in AH parallels an increase in ~, with the 


difference that a very small change in the heat of dehydration produces a remarkably large 
change in p, remarkable because large changes in AH produce only small changes in for the 
results described in Table 1. If the factor k in the equation p = ke~4#/®7 is assumed to 
play a minor role in the case of the results of Table 1, it is logical to infer that & must be 
the significant factor in the case of those in Table 2. 

Further consideration of the results shows that the sizes of the M* and M%* ions appear 
to have opposite influences on # and AH. Thus both a decrease in # and an increase in 
AH results (in Table 2) from an increase in radius of the M* cation (ry+), whereas the same 
changes (in Table 2) require a decrease in ry3+. This dependence of an equilibrium, 
involving only the rather mobile M*-type water molecules, on the sizes of both the 
univalent and tervalent cation shows that the values of p and AH are determined by the 
structure of the alum as a whole, and not merely by the immediate environment of the 
M*-type water molecules. 

The Theory of the Partially Dehydrated Crystalline Zone.—No direct evidence is available 
on the structure (?.e., whether crystalline or amorphous) of the dehydrated product formed 
at the reaction interface, although it is generally held that the product has at first a zeolitic 
structure which then collapses and finally crystallises (Garner, loc. cit., 1938). The present 
author however, believes that Damarell and Tower’s suggestions (loc. cit.) are significant 
and can be developed, as described below, to account qualitatively for the variations in 
vapour pressure reported in Tables 1 and 2. 

When a given hydrate system is in equilibrium, it may be supposed that no very drastic 
change in crystal structure occurs at the reaction interface, but that the removal of water 
results in a metastable partially dehydrated structure which still retains the same crystal 
structure as the original hydrate. Such a partially dehydrated crystalline zone might, in 
general, have a zeolitic character, although the arguments developed below would suggest 
that it does not differ from that of the parent crystal. The zone may be supposed to have 
a finite thickness and to separate the fully hydrated part of the crystal from the amorphous 
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part; the latter may be considered to result rather sharply from a collapse of the inter- 
mediate zone at the outermost boundary. 

Further consideration of this hypothetical partially dehydrated crystalline zone 
suggests that the number of vacant sites (due to removal of water molecules) at any point 
in it will increase the further that point is from the dehydration interface. The water 
molecules may be regarded as moving from one site to the next, in a manner analogous to 
the so-called Frenkel disorder. Clearly a stage will eventually be reached at which the 
number of vacant sites has increased to such an extent that the crystalline structure 
collapses, producing an amorphous zone. The precise point at which this occurs will 
depend on the forces existing between the ionic species present in the crystal. It might 
be expected, for example, that of two isomorphous crystals, that having the stronger 
structural forces will survive the loss of water in the crystalline dehydration zone more 
easily than will the other; it should, in fact, produce a wider partially dehydrated 
crystalline zone. In general, for those alums which have the same crystal structure one 
might expect this width to vary inversely with the mth power of the radii of the cations, 
with » probably of the order of 2. 


TABLE 3. Constant B x log, 10. 
Ms+ Al Cr 
Radius (A) 0-57 0-64 
9-20 ane 
9-87 ? 
9-94 10-53 
11-01 11-33 11-57 
18-68 — = 


The intermediate zone is to be regarded as a hazard which reduces the rate of loss of 
water and hence reduces the equilibrium vapour pressure. It is perhaps worth noting that 
the heat of hydration AH is determined by d(In p)/dT and so is, of course, not determined 
by the actual values of p at a given temperature, or by the kinetics which determine the 
magnitude of ~. The function of this intermediate zone is thus seen to be concerned only 
with the constant of the integrated equation In # = —AH/RT +- constant (B) (or & in the 
equation p = ke~44/R7), 

Table 3 gives the values of the constant B for the alums reported in Part I. It is seen 
that dB/dr is positive, t.e., that B increases with increase in radius of both the M* and the 
M%* ion; but increase in the radii of the M* or the M** ion will produce a more expanded 
unit cell and so tend to weaken the crystal structure; this might consequently be expected 
to reduce the thickness of the partially dehydrated crystalline zone and so facilitate the 
escape of water molecules from the innermost reaction face. For isomorphous hydrates 
having almost the same heat of hydration, this will increase the vapour pressure and thus 
the constant B. The suggestion of an intermediate crystalline zone recalls the work of 
Damerell, Hovorka, and White on Al,O,,3H,O, where no amorphous phase could be 
detected by X-ray diffraction methods. 

Explanation of the Aqueous Vapour Pressure Results.—The equation p = ke~4#/®T may 
now be expressed in the form # = const. x (1 — structure factor) x e~44/"? where the 
‘structure factor ’’ is a quantity which increases with increase in the electrostatic forces 
present in the crystal structure. In the case of the alums, the variables are the M* and 
M®* ions and these will operate in the sense that any increase in their radii (with a resultant 
decrease in their electrostatic field effect as measured by 1/r?) will reduce the structure 
factor. This factor may also be related to the melting point. Thus in the series KAI, 
KCr, and KFe, the melting points (or in the case of the alums, the transition temperatures) 
decrease, whilst the structure factors increase. The vapour pressure results noted in 
Table 2 for alums of the type M*M®* (e.g., NH,Al, NH,Cr, and NH,Fe, for which AH is 
sensibly constant) are in agreement with these views. 

When, however, the alums are of the type in which M** is unchanged (Table 1), large 
changes in AH are found (showing that the M*-type water molecules are not merely 
structural), and the variations in the equilibrium vapour pressures must be almost entirely 
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determined by the exponential term of the vapour-pressure equation. Since AH decreases 
with decrease in 7y+, this term might be expected to decrease with increase in the radius, 
thus accounting qualitatively for the results reported in Table 1. 

Other processes may occur during dehydration which also control the facility or other- 
wise of escape of the water molecules, and mention might be made of the impedance effects 
noted by Crowther and Coutts, Taylor and Taylor, and Topley (occ. cit.), which should be 
non-constitutional since they occur in the amorphous zone and so would not be revealed 
in the present analysis of the alum hydrate pressures. 

The theory postulating the partially dehydrated crystalline zone also suggests possible 
explanations for some of the phenomena encountered in hydrate vapour pressure work. 
Thus the induction period may be determined, after the formation of the dehydration 
nuclei (Melville, Ann. Reports, 1948, 45, 35), by the time required for this zone to reach its 
maximum value. The smaller the tendency of the crystal to effloresce, the longer will this 
period be. Since efflorescence begins initially at points of disorder on the surface of the 
crystal, the reaction zone will initially have zero area but, as the centres grow, they will 
merge into a common front and the area of the reaction zone will become sensibly constant. 
During this period the vapour pressure will increase from zero to a value usually in excess 
of the true equilibrium value (e.g., Menzies and Hitchcock, J. Phys. Chem., 1931, 35, 1660; 
Collins and Menzies, ibid., 1936, 40, 379; Partington J., 1923, 160). As efflorescence 
proceeds further, the partially dehydrated crystalline zone increases in width, thereby 
producing a gradual fall in the vapour pressure. Eventually it reaches its maximum 
thickness, and the vapour pressure reaches the equilibrium value. Further efflorescence 
leads to collapse of the partially dehydrated zone at its outermost boundary, and formation 
of the opaque amorphous zone shows that the crystal has started to effloresce. This point 
will not necessarily coincide in the dynamic transpiration method with the equilibrium 
vapour pressure since the latter will depend on the quantity of hydrate present and also 
on the volume of the containing vessel and free air space. 

Anomalous Vapour Pressure Results.—The difficulties sometimes encountered in 
determinations of hydrate vapour pressure, wherein, for example, a variable lower vapour 
pressure sometimes results, may be due to impedance becoming significant (Taylor and 
Taylor, loc. cit.; Topley, loc. cit.). More usually values in excess of the true equilibrium 
value are encountered and these have been discussed by Collins and Menzies (loc. cit.). 
In Part I, examples occur of double (and triple) series of equilibrium vapour 
pressure results which, however, appear to be real. These and the derived heats of 
dissociation for the KAl and NH,Al alums are assembled in Table 4. They were obtained 
on the same material (for each series) with the bulk of the crystals present in the 
uneffloresced (or only slightly effloresced) form and it is therefore suggested that the 
equilibria involved are respectively: lowest series, M*Al(SO,4).,12 —~> 6H,O; middle 
series, 12 —-> 3H,0, and upper series 12 —~> 0H,0O. 


TABLE 4. Equilibrium aqueous vapour pressures (mm. Hg). 
Lowest series Middle series Upper series 
KAI NH,Al KAI 
1-53 1-41 1-81 
2-18 2-20 2-74 
3-19 3°37 4-38 
i ~- 5-04 6-42 
AH (cals.) » 128 13,083 15,267 15,294 


Zawadski and Breitsnajder (Trans. Faraday Soc., 1938, 34, 951; Z. phystkal. Chem., 
1938, B, 22, 60) showed that vapour pressure values in excess of the normal equilibrium 
values can be produced in the calcium carbonate system, the effect being attributed to 
nuclei growing to a critical size corresponding to a stabilisation of the vapour pressure at a 
value in excess of that expected over a plane surface. Some such effect may be responsible 
for the middle and upper series of results of Table 4, although the facts pertaining to them 
would appear to rule out such an explanation. In particular it is noted that the AH values 
for the middle series of results are almost identical (the slight difference being explained by 
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the smaller field effect of the larger NH,* ion compared with that of the K* ion). This 
suggests that the Al-type water molecules are involved in the dissociation equilibrium. 

Furthermore, with reference to the equation p = ke~4#/"?, this slight difference in AH 
should (if k were constant) produce somewhat lower values of ~ for KAI than for NH,Al 
alum. The opposite is in fact the case, and k must be regarded as the significant factor. 
The evidence of the previous section suggests that & will have a larger value for KAI than 
for NH,Al alum owing to the smaller radius of the K* ion, and this variation in & appears 
to explain the relative magnitudes of the two middle series of vapour pressures. 


Dept. oF ScIENCE & CHEMICAL ENGINEERING, 
LOUGHBOROUGH COLLEGE. [Received, Decegnber 3rd, 1951.) 


489. An Unambiguous Synthesis of Codecarboxylase. 
By J. BADpILEY and A. P. MATHIAS. 


Phosphorylation of pyridoxal with dibenzyl chlorophosphonate gave 
pyridoxal-3 benzyl hydrogen phosphate (VII) which was converted into its 
hemiacetal (VIII) and then hydrogenated. The product was identical with 
the hemiacetal (I) of pyridoxal-3 dihydrogen phosphate described by other 
investigators and differed from codecarboxylase. 

Unsuccessful attempts to synthesise codecarboxylase (III) through pyrid- 
oxal-3 benzyl ether (X) are described. The latter was prepared by oxidation 
of pyridoxine-3 benzyl ether and by benzylation of pyridoxal. Phosphorylation 
of the benzyl ether could not be achieved. 

OO-isoPropylidenepyridoxine (XII; R =H) was prepared from pyrid- 
oxine and its structure was indicated by its ultra-violet absorption spectrum 
and proved by oxidation and hydrolysis to the lactone (XIV; R =H). It 
was phosphorylated with phosphoric oxide in phosphoric acid to (XII; R = 
PO,H,) from which the isopropylidene residue was removed by very mild acid 
hydrolysis. The resulting phosphate (XV) of pyridoxine was oxidised by 
known methods to the pyridoxal phosphate (III), identical in all respects 
with codecarboxylase. 


CERTAIN amino-acids are decarboxylated to amines by micro-organisms. A coenzyme 
required in this transformation is called codecarboxylase. Its wide distribution through- 
out the animal and the plant kingdom suggests other functions, however, and it is now 
known that the same coenzyme is responsible for such processes as nitrogen transfer in 
amino-acids (transamination) and the synthesis of tryptophan from indole. Gunsalus, 
Bellamy, and Umbreit (J. Biol. Chem., 1944, 155, 685) showed that decarboxylation of 
tyrosine by dried cells of Streptococcus fecalis was stimulated by the addition of pyridoxal 
and adenosine triphosphate or by an uncharacterised phosphorylation product of pyridoxal. 
This effect has been confirmed in the decarboxylation of other amino-acids (Baddiley and 
Gale, Nature, 1945, 155, 727). The conclusion that codecarboxylase is a phosphate of 
pyridoxal was established by its synthesis in poor yield from pyridoxal and phosphoryl 
chloride (Gunsalus, Umbreit, Bellamy, and Foust, J. Biol. Chem., 1945, 161, 743). Although 
this synthesis established that the coenzyme was a monophosphate (Heyl, Harris, and 
Folkers, Abstr. 110th Meeting Amer. Chem. Soc., 1946, 348), it did not reveal the position 
of the phosphate group on the pyridoxal molecule. 

The first unambiguous synthesis of a phosphate of pyridoxal was that by Karrer and 
Viscontini (Helv. Chim. Acta, 1947, 30, 52) who obtained the hemiacetal of the 3-(dihydro- 
gen phosphate) (1) and hence the phosphate itself by the action of phosphory! chloride on 
pyridoxal hemiacetal. These workers claimed high codecarboxylase activity for this 
substance (ibid., p. 524) but others failed to confirm this and it was concluded that the 
3-phosphate was not identical with the natural coenzyme (Gunsalus and Umbreit, J. Biol. 
Chem., 1947, 170, 415). Furthermore, the 3-phosphate gave an oxime which differed 
from that of “‘ pyridoxal phosphate ’’ (Heyl, Harris, and Folkers, loc. cit.; Heyl and Harris, 
J. Amer. Chem. Soc., 1951, 78, 3434). The demonstration of carbonyl function in the 
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coenzyme indicated that formule in which the phosphate group was attached to the 
4-formyl residue were unlikely, although it did not eliminate such structures as (II) where 
a modified carbonyl function might be expected (Baddiley, Thain, and Rodwell, Nature, 
1951, 167, 556). 
EtO-CH— 
. * CHO 


HOZ \\CHy0-PO,H, 
Me.) 
(IIT) 


The work described in this paper aimed at an unambiguous synthesis of the altern- 
ative structure (III) for comparison with codecarboxylase. Since it was started, in 1949, 
other syntheses of “‘ pyridoxal phosphate ’’ have been announced from two independent 
groups of workers and leave little doubt that the coenzyme is correctly represented as (II1). 
Folkers and his collaborators phosphorylated pyridoxal oxime (IV; R = OH) and claim to 
have deaminated the product with nitrous acid (Heyl, Harris, and Folkers, loc. cit.; Heyl, 
Luz, Harris, and Folkers, J. Amer. Chem. Soc., 1951, 78, 3430). The resulting phosphate 
which apparently showed high codecarboxylase activity contained an unsubstituted formyl] 
residue at position 4 which could be replaced by hydroxyl by means of hydrogen peroxide 
(Heyl, Luz, and Harris, tbid., p. 3437). Also, direct phosphorylation of pyridoxamine 
yielded pyridoxamine dihydrogen phosphate (V) which was readily oxidised to pyridoxal 
phosphate (Heyl, Luz, Harris, and Folkers, ibid., p. 3436). 

H=N-NH-CO-CH,"NMe, 
CH,NH, OH OH OH 


C) . HO/ \CH,-0-PO,H, HO/ )\CH,-OP-O-P-O-P-OH 


| 
Me Me, (V) Mel} w1p® O O 


Viscontini, Ebnéther, and Karrer (Helv. Chim. Acta, 1951, 34, 1834, 2198) phosphoryl- 
ated pyridoxal N-dimethylglycylhydrazone (IV; R = *-NH°CO*CH,*NMe,) with meta- 
phosphoric acid, the product (VI) being converted into (III) by hydrolysis and treatment 
with nitrous acid. 

These syntheses, together with the properties of the synthetic materials, leave little 
doubt that (III) correctly represents codecarboxylase. Nevertheless, no truly unambiguous 
synthesis has yet been described, since in those outlined above the phenolic hydroxyl 
group at position 3 remains unprotected throughout. The synthetic routes envisaged by 
us mainly involved protection by substitution of the phenolic hydroxyl group in either 
pyridoxine or pyridoxal derivatives, followed by phosphorylation, then removal of protect- 
ing groups. In our early experiments on these lines, however, the direct action of dibenzyl 
chlorophosphonate on pyridoxal was examined. Although the phenolic hydroxyl group 
was not protected during the reaction available evidence indicated that this reagent would 
not phosphorylate a phenol in pyridine solution. Phosphorylation of phenols with di- 
benzyl chlorophosphonate normally requires the phenol to be in the form of its sodium 
salt (Atherton, Openshaw, and Todd, /., 1945, 382). In support, we have been able to 
show that both phenol and §-naphthol could be recovered unchanged after treatment 
with an excess of dibenzyl chlorophosphonate in pyridine. Under these conditions, how- 
ever, pyridoxal gave an acidic product—a monobenzy] ester of pyridoxal phosphate—one 
benzyl group having been removed by quaternisation in the pyridine solution (cf. Baddiley, 
Clark, Michalski, and Todd, J., 1949, 815). Its formulation as pyridoxal-3 benzyl hydrogen 
phosphate (VII) follows from its hydrolysis to pyridoxal and formation of an oxime and 
a hemiacetal (VIII). Hydrogenolysis of the benzyl group from the hemiacetal gave the 
acetal of pyridoxal-3 dihydrogen phosphate (I), identical with a sample prepared by Karrer 
and Viscontini’s method (loc. cit.). This substance possessed no codecarboxylase activity. 

From these rather unexpected observations it would seem that certain phenols may be 
phosphorylated with dibenzyl chlorophosphonate in pyridine solution. The enhanced 
reactivity in this respect of the 3-hydroxyl group of pyridoxal probably originates in the 
pyridine ring and is not an effect of the adjacent formyl group. This is indicated by the 
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observation that whereas salicylaldehyde is not phosphorylated under these conditions 

evidence was obtained that 3-hydroxypyridine is. Although no pure product was isolated 

from the latter a syrup was obtained which contained nitrogen and phosphorus and was 

EtO-CH—O HO-CH—O 

OH CHO 

CH,Ph-O-Pp—O7 \CH,-OH 
oY a 


(VII) (VILL) | 


readily soluble in chloroform. The indifference of the 5-hydroxymethyl group of pyridoxal 
towards this reagent, together with other observations on the unreactive nature of this 
hydroxyl group in related compounds described later in this paper, is consistent with the 
view that pyridoxal derivatives show a tendency to behave as cyclic compounds, ¢.g., (IX) 
for pyridoxal itself (cf. Viscontini, Ebnéther, and Karrer, Helv. Chim. Acta, 1951, 34, 2438). 

Attention was then directed towards the preparation of pyridoxal-3 benzyl ether (X), 
from which the protecting benzyl group should be quite easy to remove by hydrogenolysis, 
subsequent to phosphorylation. Reaction between pyridoxal hemiacetal and benzy]- 
dimethylphenylammonium chloride (Leucotrope) readily yielded a benzyl ether. The 
acetal grouping in this compound was considerably more stable to acids than was pyridoxal 
hemiacetal, boiling with rather strong hydrochloric acid being necessary for the liberation 
of the free aldehyde. A crystalline oxime and 2: 4-dinitrophenylhydrazone were pre- 
pared. The aldehyde was assigned the formula (X) both from its method of preparation 
and from its solubility in acids and insolubility in alkali. It did not give a ferric reaction 
and failed to couple with diazotised sulphanilic acid. It was converted into pyridoxine 
by hydrogenation in the presence of palladium—charcoal. Pyridoxal-3 benzyl ether may 
be prepared more conveniently by manganese dioxide oxidation of pyridoxine-3 benzyl! 
ether (an intermediate in the synthesis of pyridoxine by Cohen’s method, Jubilee Vol., Emil 
Barrell, 1946, p. 71; as we obtained pyridoxine for this investigation by Cohen’s route, 
direct oxidation of the benzyl ether represented a considerable simplification). The 
oxidation product was purified by recrystallisation of its oxime, several recrystallisations 
being necessary to raise its melting point to that of the oxime prepared from the benzy]- 
ation product of pyridoxal. This low melting point was doubtless caused by the presence 
of a small amount of the oxime of the isomeric 5-formyl compound. 

Numerous attempts to phosphorylate pyridoxal-3 benzyl ether with phosphoryl chloride, 
diphenyl and dibenzyl chlorophosphonate, were without success. Whereas evidence of 
phosphorylation was obtained with diphenyl chlorophosphonate in pyridine, base hydro- 
chloride being formed, the reaction product appeared to be very labile since only pyridoxal-3 
benzyl ether was isolated. This suggests that the benzyl ether, like pyridoxal itself, tends 
to behave as a cyclic lactol. O%-p-Nitrobenzoylpyridoxal is an analogous case since it 
was shown by Viscontini, Ebnéther, and Karrer (Helv. Chim. Acta, 1951, 34, 2438) that 
with diphenyl chlorophosphonate this was converted into the exceptionally labile dipheny] 
phosphoric ester (XI). 

(PhO),P(O)-O-CH—O 
CHO * 
CH,Ph-O7 )CH,-OH O,N-C,H,-CO-O7 ) 

Me N/ M 


a @ : fH, 
\/CHyOR 
ae Me) 


(X) (XI) (XII) 


H.c/O—CMe, CH,-O 

"7 SO co CH,-OH 
Hos \—CH, RO? \“ HOZ \CH,O-PO,H, 
Mel | Mel _ !! Me | 
“\N/ (XIII) MEN / (XIV) me (XV) 

Attempted phosphorylation of (X) with anhydrous phosphoric acid under conditions 
similar to those described in a different connection by Ferrell, Olcott, and Fraenkel-Conrat 
(J. Amer. Chem. Soc., 1948, 70, 2101) gave a black resin. 
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Pyridoxine and zinc chloride in hot acetone afforded a monoisopropylidene derivative in 
good yield. We are indebted to Dr. A. Cohen for informing us that he had obtained this com- 
pound by a similar method and has independent evidence of its structure. OO-isoPropyl- 
idenepyridoxine is very labile in dilute acid solution, giving pyridoxine and acetone. Of 
the two possible formula (XII; R =H) and (XIII) that in which the tsopropylidene 
residue participates in a 6-membered ring (XII) seemed the more probable. This is sup- 
ported by the failure of the substance, when freshly dissolved, to give a ferric reaction or 
a colour with diazotised sulphanilic acid. isoPropylidenepyridoxine exhibits a sharp 
absorption maximum at 2820 A which is unchanged between pH 11-32 and 6-98. The 
curve (see Fig.) shows a close similarity to that obtained from pyridoxine itself in acid 
solution, t.e., at pH 2-1 a single maximum at 2920 A is reported (Stiller, Keresztesy, and 
Stevens, ibid., 1939, 61, 1237). Also pyridoxine-3 methyl ether exhibits a single absorption 
band at 2800 A which is unaffected by pH change. In alkaline solution, however, pyrid- 
oxine shows two maxima as indicated in the Figure, the maximum at longer wave-length 


9 





A, Pyridoxine, pH 11-3. 
B, Pyridoxine in 0-1N-HCI. 
C, isoPropylidenepyridoxine, pH 7—11-3. 
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resulting from ionisation of the phenolic hydroxyl group. It is clear then that ssopropyl- 
idenepyridoxine does not contain an ionisable phenolic hydroxyl group and so must be 
represented as (XII). Final proof of structure was obtained by oxidation with barium 
permanganate, followed by hydrolysis and acidification, whereby the lactone (XIV; 
R = H) was obtained, identical with that described by Harris, Stiller, and Folkers (ibid., 
p. 1244). Methylation of this lactone gave the known 3-methyl ether (XIV; R = Me). 

Hydrolysis of tsopropylidenepyridoxine to pyridoxine was examined with some care 
since successful use of this derivative in a synthesis of ‘‘ pyridoxal phosphate ’’ depended 
on removal of the tsopropylidene residue under conditions which would not cause hydro- 
lysis of a phosphate ester. In the pyridoxine and pyridoxal series the phosphates are 
known to be labile to acids. The optimum conditions for this hydrolysis were determined 
readily by observing the change in the ultra-violet absorption spectrum at pH 11 as hydro- 
lysis proceeded. At 20° in 0-01N-sulphuric acid very little pyridoxine was liberated in 
2 hours, whereas at 100° the reaction had proceeded to 85% in 5 minutes and was complete 
in 10 minutes. Phosphoric esters in the pyridoxine series are mainly unaffected by such 
treatment. 

Attempts were made to phosphorylate isopropylidenepyridoxine with phosphoryl 
chloride and dipheny] chlorophosphonate in pyridine and also in cold aqueous alkali, but 
in no case was a phosphoric ester produced. In those experiments where conditions had 
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been kept alkaline throughout, unchanged isopropylidene compound was recovered. The 
substance was also inert towards toluene-pf-sulphonyl chloride and methanesulphony! 
chloride in pyridine or aqueous alkali—the reason for this is not clear, particularly in view 
of the very ready formation of a p-nitrobenzoy]l ester (XII; R = ~-O,N-C,H,°CO) in warm 
pyridine. 

isoPropylidenepyridoxine and a solution of phosphoric oxide in anhydrous 
phosphoric acid (cf. Ferrell, Olcott, and Fraenkel-Conrat, Joc. cit.; Wilson and Harris, 
ibid., 1951, 73, 4693) gave mixed phosphates. Paper chromatography showed as main 
component, isopropylidenepyridoxine phosphate (XII; R = PO,H,) with a small amount 
of 3-hydroxy-4-hydroxymethyl-2-methyl-5-pyridylmethyl phosphate (XV), presumably 
formed by hydrolysis of the former. These substances were identified by subjection of 
(XII; R = PO,H,) to a short acid hydrolysis and re-examination on paper. The product 
was identical with the slow-running contaminant. A second contaminant Ry 0-34 was 
also separated. Although this was not identified we consider that it is probably an isomer 
of (XV) in which the phosphate residue is attached to either the 3-hydroxy] or the 4-hydroxy- 
methyl group. Furthermore, when the impure phosphate was run on a paper previously 
treated with borate buffer, only the spot corresponding to (XV) was retarded. Retardation 
of rate of flow in borate buffer was expected with this compound since it possesses free 
hydroxyl groups at position 3 and on the adjacent hydroxymethyl group and so, like pyrid- 
oxine itself, will form a borate complex which only moves slowly on paper at an alkaline pH. 

The phosphate (XII; R = PO,H,) was purified by fractional precipitation of its 
barium salt. It was hydrolysed to (XV) by sulphuric acid and oxidised to a 5-formyl 
derivative by the method described by Heyl, Luz, Harris, and Folkers (loc. cit.). The 
product was identical in all respects with pyridoxal phosphate (III) prepared by the other 
synthetic routes and showed high codecarboxylase activity. 


EXPERIMENTAL 

Pyridoxal-3 Benzyl Hydrogen Phosphate.—Dibenzyl chlorophosphonate (prepared from 5 g. 
of dibenzyl phosphite) was added during 10 minutes to a solution of pyridoxal hydrochloride 
(1 g.) in anhydrous pyridine (ca. 20 c.c.) at about —40°. After 2—4 hours at room temperature 
water (5 c.c.) was added and solvent removed under reduced pressure. A solution of the 
syrupy residue in chloroform was extracted 3 times with water. The aqueous extract was 
evaporated to small volume under reduced pressure, then kept overnight. The crystalline 
solid which separated was filtered off, washed with a little cold water, then alcohol, and re- 
crystallised from water. Pyridoxal-3 benzyl hydrogen phosphate formed small prisms, m. p. 
202—203° (decomp.) (50—60%) (Found: C, 53-4; H, 5-0; N, 40; P, 91. C,,H,,O,NP 
requires C, 53-4; H, 48; N, 4-1; P, 9-2%), insoluble in hot alcohol, chloroform, etc., soluble in 
hot water, but sparingly soluble in cold water. It displaced carbon dioxide from a solution of 
sodium hydrogen carbonate. 

Hydrolysis. The phosphate (0-2 g.) was heated at 100° in 5Nn-hydrochloric acid for 15 
minutes. The cloudy solution was shaken with chloroform, and the aqueous fraction neutralised 
with sodium hydrogen carbonate. Sodium acetate (0-5 g.) and hydroxylamine hydrochloride 
(0-5 g.) were added and the solution warmed for a few minutes. Pyridoxal oxime was later 
deposited (85%), having m. p. 224° alone or mixed with an authentic sample, m. p. 225—226°. 

Oxime. A solution of the phosphate (200 mg.), sodium acetate (200 mg.), and hydroxylamine 
hydrochloride (50 mg.) in water (7 c.c.) was heated at 100° during 10 minutes. After cooling 
to room temperature it was acidified to pH 2-5 with dilute sulphuric acid. The crystalline 
oxime, washed with water, then alcohol, and dried in vacuo at 80°, had m. p. 209-5° (203 mg., 
97%) (Found: C, 51-1; H, 5-0; N, 8-2; P, 9-3. C,,H,,0O,N,P requires C, 51-0; H, 4-8; N, 


Ethyl Acetal (VIII) of Pyridoxal-3 Benzyl Hydrogen Phosphate.—Ethyl] orthoformate (2-5 c.c.) 
was heated with a suspension of pyridoxal-3 benzyl hydrogen phosphate (266 mg.) in anhydrous 
ethyl alcohol (20.c.c.)._ Suspended solid dissolved slowly. Refluxing was continued for 4 hours, 
then the solution was kept at room temperature overnight. Solvent was removed under 
reduced pressure and the crystalline residue recrystallised from anhydrous alcohol. The acetal 
formed small needles, darkening at 166° and melting at 170° (decomp.) (84%) (Found : C, 55-7; 
H, 5-5; N, 3-4; OEt, 13-0. C,,H,O,NP requires C, 55-8; H, 5-5; N, 3-8; OEt, 12-4%). 

Hydrolysis. The acetal (87 mg.) was dissolved in water (3 c.c.) containing a drop of N-hydro- 
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chloric acid and the solution boiled for 5 minutes. Next morning crystals of pyridoxal-3 benzyl 
hydrogen phosphate were collected (64 mg., 87%), m. p. and mixed m. p. 203° (decomp.). 

Ethyl Acetal of Pyridoxal-3 Dihydrogen Phosphate.—The acetal of pyridoxal-3 benzyl hydro- 
gen phosphate (300 mg.) was hydrogenated in alcohol (ca. 50 c.c.) at room temp./1 atm. in the 
presence of palladium oxide. The calculated amount of hydrogen was absorbed rapidly. After 
filtration and evaporation under reduced pressure, the remaining brittle resin was triturated 
with alcohol, giving a fine white powder which charred at about 200° (no m. p.) (Found: C, 
43-6; H, 5-3; N, 48; P, 11-7; OEt, 17-1. Cale. for C,,H,,O,NP: C, 43-6; H, 5-1; N, 5-1; 
P, 11:3; OEt, 16-4%). The product did not possess any activity as tyrosine codecarboxylase. 

2: 4-Dinitrophenylhydrazone of Pyridoxal-3 Dihydrogen Phosphate.—To a solution of the 
above acetal in a little water was added a hot solution of 2: 4-dinitrophenylhydrazine in 
n-hydrochloric acid. After boiling for 1 minute the mixture was cooled and the orange-yellow 
plates were filtered off. The 2 : 4-dinitrophenylhydrazone was washed well with water, alcohol, 
and ether, then dried in a desiccator over sulphuric acid (Found: C, 39-4; H, 3-4. 
C,4H,,0O,N,P requires C, 39-2; H, 3-3%). X-Ray powder photographs of this dinitrophenyl- 
hydrazone were indistinguishable from those of the material prepared from a sample of Karrer 
and Viscontini’s substance (loc. cit.). 

A very small sample of pyridoxal-3 dihydrogen phosphate was converted in the usual way 
into an oxime, m. p. 212° (decomp.). Heyl and Harris (J. Amer. Chem. Soc., 1951, 73, 3434) 
report m. p. 210—211° (decomp.) for this substance. The quantity obtained was insufficient 
for analysis. 

Hemiacetal of Pyridoxal-3 Benzyl Ether.—To pyridoxal hemiacetal hydrochloride (2 g.) dis- 
solved in the minimum quantity of anhydrous alcohol was added a solution of sodium (0-4 g.) 
in alcohol, followed by benzyldimethylphenylammonium chloride (2-3 g.) in the minimum 
quantity of anhydrous alcohol. The mixture was run into boiling xylene (20 c.c.) with con- 
tinuous stirring in an atmosphere of nitrogen. The experiment was so arranged that all the 
alcohol and a little xylene distilled off during 90 minutes. The solution was filtered, cooled, 
then washed successively with sodium hydrogen carbonate solution, 2N-sodium hydroxide, and 
water, and finally dried (Na,SO,). Xylene and dimethylaniline were removed by distillation 
under reduced pressure and the residue solidified on being rubbed with a little petroleum (b. p. 
40—60°). The hemiacetal (1-9 g., 78%) was purified by recrystallisation from ether-—light petrol- 
eum (b. p. 40—60°) or by sublimation in a short-path still at 80°/10-5 mm., being obtained as 
colourless needles, m. p. 48° (Found: C, 71-4; H, 6-5; N, 49; OEt, 16-7. C,,H,,O,N requires 
C, 71-6; H, 6-7; N, 49; OEt, 15-8%). 

Pyridoxal-3 Benzyl Ether (Method 1).—The above hemiacetal (3-9 g.) was dissolved in 5n- 
hydrochloric acid (4-1 c.c.), the solution diluted to 10 c.c. with water, and heated in boiling 
water for 30 minutes. The solution was evaporated under reduced pressure to 5 c.c., then 
adjusted to pH 8 with sodium hydrogen carbonate solution, and the product extracted three 
times with ether. The combined extracts were dried (Na,SO,) and evaporated. The solid 
residue was recrystallised from ethyl acetate. Pyridoxal-3 benzyl ether (2 g., 60%) had m. p. 
151—152°, undepressed on mixing with a sample prepared by the method described below. 

Oxime of Pyridoxal-3 Benzyl Ether (Method I).—The hemiacetal (0-5 g.) was dissolved in the 
minimum quantity of alcohol, 1-12N-hydrochloric acid (20-7 c.c., 1-66 mols.) added, and the 
solution refluxed for 1 hour. 0-91N-Sodium hydroxide (8-46 c.c.) was added and the resulting 
precipitate redissolved by addition of alcohol. Hydroxylamine hydrochloride (0-19 g.) was 
added and the solution heated under reflux for 1 hour. Excess of alkali was neutralised with 
hydrochloric acid, and the precipitate filtered off. The impure oxime was dissolved in alcohol, 
and the solution decolorised with charcoal and concentrated. Addition of water precipitated the 
oxime which was purified by two recrystallisations from ethyl acetate. It softened at 157° and 
had m. p. 161—162°, undepressed when mixed with a sample prepared as described below. 

2 : 4-Dinitrophenylhydrazone of Pyridoxal-3 Benzyl Ether.—The hemiacetal was dissolved in 
a little methanol and an excess of 5N-hydrochloric acid added. The solution was boiled for 
5 minutes and a solution of 2: 4-dinitrophenylhydrazine hydrochloride in aqueous methanol 
was added. Boiling was continued for a few minutes, then the solution was cooled and scratched. 
A pale-yellow solid was deposited. This was filtered off, washed with methanol and water, then 
recrystallised from aqueous dioxan. After two recrystallisations the product was considerably 
deeper in colour than the original pale-yellow material and whereas the latter contained ionic 
halogen the recrystallised product was halogen-free. The pale-yellow material is probably 
the hydrochloride of the 2 : 4-dinitrophenylhydrazone while the darker substance is the free 
base. The pure dinitrophenylhydvazone had m. p. 181—182°, undepressed in admixture with 
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the 2 : 4-dinitrophenylhydrazone, m. p. 181—182°, prepared from pyridoxal-3 benzyl ether by 
the second method (Found: N, 15-8. C,,H,,0O,N, requires N, 16-0%). 

Oxime of Pyridoxal-3 Benzyl Ether (Method II).—Manganese dioxide (1-77 g. of 83-1% 
purity) was added to a solution of pyridoxine-3 benzyl ether hydrochloride (5 g.) in water (75 
c.c.). The mixture was stirred vigorously during the dropwise addition of concentrated sul- 
phuric acid (0-91 c.c.) and then kept at 70° in a water-bath, also with good stirring, until the 
pH had reached about 5 (approx. 90 minutes). A small amount of undissolved inorganic 
material was removed by filtration and sodium acetate (4-15 g.) added to the filtrate. The 
precipitate which formed was redissolved in alcohol, and hydroxylamine hydrochloride (1-75 g.) 
added to the solution which was then heated under reflux for 1 hour. On addition of water 
(100 c.c.) a precipitate appeared. This was filtered off, washed with water, and dissolved in 
hot alcohol, and the solution decolorised with charcoal, concentrated, and cooled. The oxime 
crystallised as fine needles, m. p. 138—142°, raised to 150—155° after three recrystallisations 
from aqueous alcohol. Two further crystallisations from ethyl acetate raised the m. p. to 161— 
162°, the same as that given by the oxime prepared by Method I (Yield 1—2 g.) (Found: C, 
66-4; H, 5-9; N, 10-2. C,,H,,0O,N, requires C, 66-4; H, 5-9; N, 10-3%). 

Pyridoxal-3 Benzyl Ether (Method I1).—Sodium nitrite (0-65 g., 3 mols.) in a little water was 
added slowly, with shaking, to a solution of the oxime of pyridoxal benzyl ether (0-85 g.) in 
acetic acid. After 30 minutes at room temperature the solution was warmed to 30° for 1 hour, 
then excess of nitrous acid was decomposed by heating the mixture at 60° for a short time. 
Acetic acid and water were removed by evaporation under reduced pressure, and the residue 
was dissolved in nN-hydrochloric acid (6 c.c.). The pH was adjusted to 8 with sodium hydrogen 
carbonate solution, and the product extracted three times with ether. The extracts were 
combined, dried (Na,SO,), and evaporated, leaving a residue of pyridoxal-3 benzyl ether which, 
after recrystallisation from ethyl acetate, had m. p. 151—152° (0-5 g., 62%) (Found: N, 5-3. 
C,,H,,;0,N requires N, 5-5%). 

isoPropylidenepyridoxine.—Pyridoxine hydrochloride (10 g.; dried for 5 hours at 110°/0-1 
mm. over phosphoric oxide) was added to a filtered solution of pure, fused zinc chloride (33 g.) 
in anhydrous acetone (330 c.c.). After 5 hours’ boiling under reflux with exclusion of moisture 
the cloudy solution was kept at room temperature for 12 hours. Approximately two-thirds of 
the acetone were removed under reduced pressure and the remaining solution poured into a 
warm (40°) solution of barium hydroxide (90 g. of octahydrate) in water (ca. 600 c.c.). The 
mixture was cooled rapidly to room temperature and carbon dioxide passed in to remove alkalin- 
ity. Zinc and barium carbonates were filtered off and washed thoroughly with alternate 
lots of boiling methanol and water (ca. 500 c.c. of each). The combined filtrate and washings 
were evaporated to dryness under reduced pressure below 40° and the dried residue was extracted 
continuously with dry acetone for 5 hours. After evaporation of the acetone the residue was 
dissolved in 90% methanol (200 c.c.), made alkaline with ammonia, and saturated with hydrogen 
sulphide. A small amount of precipitated zinc sulphide was removed by filtration through 
silica, and the filtrate was evaporated to dryness under reduced pressure. The residue was 
dissolved in 50% methanol, and the solution decolorised with charcoal and evaporated. iso- 
Propylidenepyridoxine recrystallised from boiling water as needles, m. p. 108—109° (6-3 g., 
63%) (Found: C, 63-4; H, 7-2; N, 66. C,,H,,0,N requires C, 63-4; H, 7-2; N, 67%). 
In a phosphate buffer at pH 7 it showed an absorption maximum at 282 my (¢ = 5080), Ina 
glycine-sodium hydroxide buffer at pH 11-3 it showed a maximum at 282 my (¢ = 5170). 

3-Hydroxy-4-hydroxymethyl-2-methylpyridine-5-carboxylic 4-Lactone (XIV; R = H).—Toa 
solution of isopropylidenepyridoxine (0-3 g.) in water (20 c.c.) was added barium permanganate 
(0-36 g.) in water (15 c.c.) with good stirring during 30 minutes. The precipitated manganese 
dioxide was removed by centrifugation and washed with water, and the combined supernatant 
liquors were evaporated to dryness three times with water to remove ammonia. The residue 
was dissolved in 0-5n-sulphuric acid (10 c.c.), and the solution kept at room temperature for 
24 hours, then heated on a steam-bath for 30 minutes to ensure lactonisation. The calculated 
amount of barium hydroxide solution was added to the cooled solution, barium sulphate re- 
moved by centrifugation, and the sediment washed with water. The combined supernatant 
layer and washings were concentrated under reduced pressure and chilled. The lactone separ- 
ated as fine needles, which after recrystallisation from alcohol had m. p. 268—269° (60 mg.) 
(Found: C, 57-9; H, 4:5; N, 8-5. Calc. for CgH,O,N: C, 58-2; H, 4:2; N, 85%). Harris, 
Stiller, and Folkers (loc. cit.) report m. p. 272—273°. 

4-Hydroxymethyl-3-methoxy-2-methylpyridine-5-carboxylic 4-Lactone (XIV; R = Me).—This 
was prepared by methylation of the above lactone according to the method of Harris, Stiller, 





2590 Baddiley and Mathias : 


and Folkers (loc. cit.), who record m. p. 108—109°. Our substance had m. p. 105—106° (Found : 
C, 60-7; H, 5-4; N,80. Calc. for C,H,O,N : C, 60-3; H, 5-0; N, 7-8%). 

Hydrolysis of isoPropylidenepyridoxine.—In the determination of optimum hydrolysis con- 
ditions for isopropylidenepyridoxine use was made of the fact that it does not absorb light at 
309 my at pH 11-3, whereas the hydrolysis product, pyridoxine, shows a maximum at that wave- 
length. The isopropylidene compound (0-0522 g.) was dissolved in 0-01N-sulphuric acid (200 
c.c.), and the solution heated under reflux in a boiling-water bath. Portions were removed 
from time to time and cooled rapidly, then 2-c.c. aliquots were each diluted to 25 c.c. with 
glycine-sodium hydroxide buffer (pH 11-3), thereby giving a 0-0001M-solution. From the values 
of the extinction coefficients given by these samples it was calculated that the isopropylidene 
residue was 85% hydrolysed in 5 minutes at 100° under these conditions and that hydrolysis 
was complete in 10 minutes. 

O08-p-Nitrobenzoyl-OO-isopropylidenepyridoxine.—p-Nitrobenzoyl chloride (0-23 g.) was 
added to a solution of isopropylidenepyridoxine (0-25 g.) in anhydrous pyridine (3 c.c.), and the 
mixture refluxed for 5 minutes. After cooling, water (10 c.c.) was added and the solid which 
separated was filtered off, washed with water, and recrystallised from light petroleum (b. p. 
80—100°). The p-nitrobenzoyl derivative had m. p. 178—179° (Found: C, 59-2; H, 4-9; 
N, 8-0. ©,,H,,O,N, requires C, 59-3; H, 4-7; N, 8-1%). 

Phosphorylation of isoPropylidenepyridoxine.—Phosphoric oxide (9-3 g.) was weighed rapidly 
into phosphoric acid (13-2 g. of 88%) and the mixture heated with stirring until a clear solution 
was obtained. After the whole had cooled to room temperature in a desiccator, powdered 
isopropylidenepyridoxine (3 g.) was added with stirring and the mixture kept in a desiccator 
over phosphoric oxide, being stirred several times daily during the first 3 days until a clear, 
viscous syrup was obtained. After a further 4 days at room temperature the syrup was stirred 
vigorously with dioxan (30 c.c.). The resulting mobile liquid was added dropwise to a suspen- 
sion of finely powdered barium hydroxide (90 g. of octahydrate) and crushed ice (200 g.) in 
water (150 c.c.) contained in a large mortar. The mixture was ground vigorously throughout 
the addition, more ice being added as required. Excess of barium hydroxide was neutralised 
by passing in carbon dioxide, and the precipitate removed by centrifugation. After thorough 
washing of the sediment with large amounts of boiling water, alternate trituration and filtration 
being the most convenient method, the combined supernatant liquids and washings were con- 
centrated under reduced pressure to about 250 c.c. A small precipitate (ca. 150 mg.) was 
removed by centrifugation and the supernatant liquor diluted with 3 vols. of alcohol. On 
storage at 0° the impure phosphate was deposited. It was centrifuged, washed with alcohol, 
then ether, and dried in a desiccator (2-1 g. of white powder). 

A sample of the impure phosphate (0-5 mg.) was dissolved in water (0-2 c.c.), and ammonium 
sulphate solution added to precipitate barium. Barium sulphate was removed by centrifugation 
and the solution evaporated to dryness in a desiccator (vacuum). The residue was dissolved 
in water (0-05 c.c.) and chromatographed on Whatman No. 1 paper, with n-propanol-ammonia-— 
water, followed by the perchloric acid—molybdate spray of Hanes and Isherwood (Nature, 1949, 
164, 1107). Alternatively ultra-violet light (Mineralight V.41 lamp) was also used for locating 
spots. Pyridoxine and pyridoxal derivatives appear deep purple or vivid blue when examined 
in this way. No special temperature control was employed and unwashed paper was quite 
satisfactory. The Ry values given are for room temperature and represent averages taken from 
several experiments. The following spots were observed: (1) a strong spot, Rp 0-71 (iso- 
propylidenepyridoxine phosphate), (2) a spot, Ry, 0-34 (probably an isomeric pyridoxine phos- 
phate), (3) a weak spot, Ry, 0-21 [pyridoxine phosphate (XV)]. 

Identification of the spots was established by hydrolysis and re-examination of a sample. 
The impure barium salt (4-2 mg.) was treated with 0-01N-sulphuric acid (10 c.c.) and precipitated 
barium sulphate removed by centrifugation. The solution was boiled for 7 minutes, then 
cooled rapidly, and a slight excess of barium hydroxide solution added. Excess of barium 
hydroxide was removed by carbon dioxide, the solution being boiled for 1 minute, then 
centrifuged. The resulting solution was prepared for chromatography as described above. 
The strong spot, R, 0-71, disappeared after this treatment whereas the spot, R, 0-21, had in- 
creased considerably in intensity and area, indicating conversion of the fast-running into the 
slower substance. 


When impure isopropylidenepyridoxine phosphate was run on a paper which had been treated 
previously with borate buffer solution and then dried, the fast-running main component (Ry 
0-71) moved slightly faster (Rp 0-86) while the slowest component was reduced in Ry from 
0-21 to 0-14. 
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Purification through the Barium Salt.—The impure barium salt (0-5 g.) was dissolved in the 
minimum amount of water (ca. 100 c.c.), and alcohol added with stirring to the first permanent 
opalescence. After 5—10 minutes the precipitate was removed by centrifugation, washed with 
alcohol and ether, and dried. The process was repeated on the supernatant liquid giving, in all, 
4 fractions. Examination by paper chromatography showed that the first two fractions, 
which comprised about 70% of the original material, gave a strong spot, J’, 0-71, and two very 
weak, slow-developing spots, Ry 0-34 and 0-21. The last two fractions contained all components 
in approximately equal proportions. The mother-liquors, on evaporation, left a small residue 
which gave a spot, Ry 0-48, on paper; this was discarded. The first two fractions were com- 
bined and reprecipitated, giving pure barium isopropylidenepyridoxine phosphate (about 0-3 g.) 
(Found: N, 3-4; P, 7-0; Ba, 32-7. C,,H,,O,NPBa requires N, 3-3; P, 7:3; Ba, 32-4%). 
Analytical figures for carbon and hydrogen for this substance were rather low and unreliable, 
widely different results being obtained on repeated analysis of the same sample, probably owing 
to the well-known difficulty experienced in combustion of barium salts of phosphates. 

4-Formyl-3-hydroxy-2-methyl-5-pyridylmethyl Dihydrogen Phosphate (Pyridoxal Phosphate) 
(III).—The above barium salt (0-1 g.) was, heated with 0-907N-sulphuric acid (0-81 c.c.) and 
water (1-72 c.c.) for 8 minutes at the b. p. After rapid cooling, a slight excess of barium hydr- 
oxide solution was added and excess of barium removed by carbon dioxide and boiling for 1 
minute. The precipitate was removed by centrifugation, then washed with water, and the 
combined supernatant liquid and washings were evaporated under reduced pressure to about 
4 c.c. Alcohol (4 vols.) and ether (4 vols.) were added and the precipitated pyridoxine phos- 
phate was separated by centrifugation and washed with alcohol-ether and dried in a desiccator 
(0-806 g., 89%). Examination of this substance on paper showed that it was homogeneous 
(Rp 0-21). 

Oxidation to the aldehyde was accomplished by the method given by Heyl, Luz, Harris, 
and Folkers (loc. cit.), and the product isolated by precipitation of the barium salt with alcohol 
or by conversion into its oxime. The oxime was a sparingly soluble crystalline substance 
which decomposed between 180° and 210° with blackening but without melting (Found: C, 
36-0; H, 4:5; N, 10-5; P, 12.2 Calc. for C,H,,O,N,P: C, 36-6; H, 4:2; N, 10-7; P, 11-8%). 
The American workers report a m. p. varying between 218° and 230° for the oxime of pyridoxal 
phosphate but a sample prepared by us from pyridoxal phosphate synthesised by the method 
of Viscontini, Ebnéther, and Karrer (loc. cit.) decomposed without melting between 180° and 
195°. No depression was observed on admixture of the two samples and they were indistin- 
guishable on paper chromatography in »-propyl alcohol-ammonia (Jy 0-25). 

A sample of the barium salt of the free aldehyde, when examined on paper in the same way 
showed a strong spot (Ry 0-35), indistinguishable from that given by authentic pyridoxal phos- 
phate. Some unoxidised pyridoxine phosphate was also present (fp 0-21). Pyridoxal phos- 
phate was visible as a bright yellow spot on the paper before spraying with the perchloric acid— 
molybdate. It possessed the same activity, within the limits of experimental error, as that 
of Viscontini, Ebnéther, and Karrer in the activation of tyrosine apodecarboxylase. 


We are indebted to Dr. E. F. Gale for the enzyme tests. Sincere thanks are also 
offered to Dr. A. Cohen and his colleagues for unpublished information on the synthesis of 
pyridoxine. The X-ray powder photograph was obtained through the courtesy of Professor 
A. R. Todd, F.R.S. Gifts of chemicals from Roche Products Ltd. and Lederle Laboratories 
are gratefully acknowledged. This work was carried out during the tenure of studentships 
from the Medical Research Council and the Department of Scientific and Industrial Research 
(to A. P. M.). 


THE LisTER INSTITUTE OF PREVENTIVE MEDICINE, 
Lonpon, S.W.1. (Received, March 4th, 1952.) 
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490. The Constitution of a Glucosan from the Fungus Polyporus 
betulinus. 


By RoBertT B. Durr. 


The flesh of the bracket fungus Polyporus betulinus gave glucose (ca. 60%) 
and a residue (ca. 30%) on hydrolysis. Only traces of sugars other than 
glucose were present. 

Examination of the products of hydrolysis of the methylated fungus flesh 
indicated a ratio of approximately 1 mole of tetra- to 12—14 moles of tri-, 
4 moles of di- and 1 mole of mono-methyl glucose. 2:3: 4: 6-Tetramethyl, 
2:4: 6-trimethyl, and 4: 6-dimethyl glucose were obtained crystalline. 


THE flesh of the fungus Polyporus betulinus (class Basidiomycetes, order Hymenomycetes) 
is white and soft, becoming cork-like in the mature fungus. The present preliminary work 
suggests that this flesh consists, in part at least, of a glucosan with 1 : 3-linkages, of which 
a proportion may be of the a-type. 

In the laboratory (unpublished work by T. M. Forrester, Microbiological Section), and 
probably under natural conditions, the fungus can obtain energy for synthetical activities 
by breakdown of cellulose, a 8-1 : 4-linked glucose polymer. The fungus is said to cause a 
“brown rot’’ of timber since cellulose is decomposed and a brown lignin-like material 
remains. 

Previous work on the “ cellulose ’’ obtained from this fungus includes that of Winter- 
stein (Ber., 1895, 28, 774) and Proskuriakow (Biochem. Z., 1926, 68, 167); it seems possible 
that a pure glucosan was not prepared by these workers since a yield of only 78% of glucose 
was obtained on hydrolysis, and in the present preliminary work no attempt was made to 
isolate a similar glucosan. The fungus flesh was purified by removal of water-soluble 
materials, and paper chromatography of the hydrolysate showed that sugars other than 
glucose were present in negligible amount only. A yield of 60% of glucose was obtained 
from this crude polysaccharide. The methylation procedure adopted was expected to 
remove impurities, and the nitrogen content (0-5%) of the material was reduced (to 0-14%) 
by this procedure, showing that a considerable fractionation had taken place. Further- 
more, the methoxyl content (42%) of the methylated material was reasonably close to that 
required for a fully methylated hexosan, and only tetramethyl glucose and partially 
methylated glucoses could be distinguished in the hydrolysate by paper chromatography 
and by partition chromatography on a cellulose column (Hough, Jones, and Wadman, /., 
1949, 2511). In the latter case, 2: 3:4: 6-tetramethyl, 2: 4: 6-trimethyl, and 4: 6-di- 
methyl glucose were obtained crystalline in amounts corresponding approximately to the 
ratios obtained by estimation of the above sugars on the paper chromatogram with 
hypoiodite solution (Chanda, Hirst, Jones, and Percival, J., 1950, 1289). A certain 
amount of decomposition was apparent when the methylated material was hydrolysed, 
and only 75% recovery was obtained. 85% of the material added to the cellulose column 
was recovered in the eluate. The isolation of 2:4: 6-trimethyl glucose indicates the 
presence of 1: 3-linkages in the polysaccharide but other modes of linkage cannot at 
present be excluded. The proportion of tetramethyl glucose “‘ end group”’ indicates a 
repeating unit of about 19 glucose residues, but this value can only be regarded as 
provisional. 

The methylated fungus, [«]* +-68° (c, 1-98 in chloroform), may contain a proportion 
of a-linkages, as methylated yeast glucan with [«], +3-3° (c, 1-3 in chloroform) (Bell 
and Northcote, J., 1950, 1944) and methylated laminarin with [a]? —7-5° (c, 1-0 in 
chloroform) (Connell, Hirst, and Percival, J., 1950, 3494) have 8-linkages. The rotation 
of Winterstein’s ‘‘ fungus cellulose’’ from Polyporus betulinus {[«], +240° (c, 4-0 in 5% 
sodium hydroxide)} and the rotation (+210°) of that part of the fungus flesh dissolved 
initially by sodium hydroxide solution support this suggestion. The preparation of a pure 
glucosan from the larger supply of fungus flesh now available is being attempted. 
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EXPERIMENTAL 


Preparation of a Crude Polysaccharide from Polyporus betulinus Flesh.—The fruiting bodies 
of the fungus (4—8” diam.) were cut into large pieces and the stem, the spore-bearing tissue, 
and the brown outer cuticle removed. The white cork-like flesh was cut into smaller strips, 
dried in air at room temperature, and milled to pass a 2-mm. mesh sieve. After removal of 
of material soluble in hot water, the flesh was dried in vacuo. 

Chemical Properties of the Flesh.—Analyses were carried out on several samples collected at 
different times [Found : H,O, 8—13; N, 0-46—0-52; ash, 1-2—1-5; alcohol—benzene extract, 
16-4—18-4; uronic anhydride, negligible; chitin, 2-‘9—3-4% (Black and Schwartz, Analyst, 
1950, 75, 185)], [«]}7 +210° [c, 2-52, in 5% sodium hydroxide solution; in 10 minutes only 
60% of the material dissolved in the alkali (determined by separating the residue on the centri- 
fuge, washing it, and drying it to constant weight at 100°) and the rotation is calculated on the 
basis of the material dissolved]. The material gave no blue colour with zinc chloride and iodine 
(as distinct from cellulose). The flesh was practically insoluble in water and in dilute acids. 
Schweizer’s reagent dissolved 18% of the material. 

Hydrolysis of the Fungus Flesh.—The flesh was hydrolysed by Monier-Williams’s method, 
and a yield of 60% of the theoretical amount of glucose was obtained. An insoluble residue 
(30% of the starting material) was left after the acid hydrolysis. Glucose was determined 
gravimetrically, by polarimetric measurement, and by copper reduction. Paper chromatography 
of the hydrolysate showed that glucose was the only sugar present in quantity although traces 
of fructose, galactose, and xylose were observed. Paper chromatograms were run in a thermo- 
statically controlled cabinet at 32° (Hough, Jones, and Wadinan, loc. cit.), Whatman No. 1 
paper and butanol saturated with water being used. 

Methylation.—The flesh (15-0 g.; 85% H,O) was methylated with 30% sodium hydroxide 
(1000 ml.), methyl sulphate (150 ml.), and dioxan (100 ml.) at room temperature and in an 
atmosphere of nitrogen. After destruction of methyl sulphate, the neutral solution was 
evaporated, dialysed against tap water until free from sulphates, and evaporated to a small 
bulk. After nine such methylations, the aqueous solution was extracted with chloroform, the 
extract evaporated and dried (Na,SO,), and light petroleum (b. p. 60—80°) added until no further 
precipitate was obtained. The methylated polysaccharide was dried in vacuo (overall yield, 
35%) and then had [«]}? +68° (c, 1-98 in chloroform) [Found : N, 0-14 (microKjeldahl) ; OMe, 
39-7; ash, 5-2%]. Three methylations with Purdie’s reagents raised the methoxyl content to 
42%. 

Hydrolysis of the Methylated Polysaccharide.—The methylated glucosan (2-570 g.) was left 
overnight at room temperature in contact with glacial acetic acid (35 ml.). Hydrochloric acid 
(8%; 35 ml.) was added to the jelly, and the mixture was boiled for 7 hours. After neutral- 
isation of the mixture with barium carbonate, barium salts and insoluble decomposition 
products were removed by filtration, the solution de-ionised by passage through large columns 
of Amberlite resins, and the effluent evaporated to dryness, ethanol and benzene being used to 
remove the last traces of water. The residue was exhaustively extracted with chloroform, 
and the extract evaporated to a syrup which was dried (P,O,4.) to constant weight (1-712 g., 
74% yield; allowing for moisture and ash in the starting material) at room temperature /0-2 mm. 

The hydrolysate was examined by paper chromatography, and the identity of the partially 
methylated sugars was established by comparison with authentic specimens. J, values are 
not given, since experience with the apparatus used for paper chromatography at 32° has shown 
that reproducible values are difficult to obtain, although separations are usually better than 
those achieved at room temperature. The presence of tetramethyl glucose, 2 : 4: 6-trimethyl 
glucose (easily distinguished from the 2 : 3 : 6-isomer), dimethyl glucose, and smaller amounts 
of monomethyl glucose and glucose was shown. Estimation by Chanda, Hirst, Jones, and 
Percival’s method (loc. cit.) gave the molar ratio of the first three of the above sugars as 1 : 12: 4. 
As mentioned by these authors, heavy spotting was necessary to obtain sufficient ‘‘ end group "’ 
for estimation with the above reagents. The operation was facilitated by supporting the paper 
about 1 cm. above an electric heating pad on strips of asbestos. The pad was constructed with 
a resistance mat (25 x 16cm.; 200 watts) wrapped in three thicknesses of asbestos paper and 
mounted on a suitable heat-resisting base. The heating effect was controlled so that solvent 
evaporated rapidly but the residue on the paper was not subjected to undue heat. 

Separation and Identification of Methylated Glucoses from the Hydrolysate.—The syrupy 
hydrolysate (1-689 g.) was transferred with n-butanol to a column (115 x 2-5 cm.) packed with 
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Whatman’s ashless cellulose powder and enclosed in a water jacket, the contents of which were 
circulated and kept at 32° by an electrical device. The column was washed with a mixture of 
n-butanol (2 vol.) and light petroleum (b. p. 100—120°; 3 vol.), and fractions (4—5 ml.) col- 
lected at 30-minute intervals with the aid of an automatic fraction cutter, similar to that de- 
scribed by Hough, Jones, and Wadman (loc. cit.). The distribution of the sugars was followed 
by paper chromatography. 

The eluates were grouped appropriately, and the solvent removed at 35°/20 mm. The residues 
crystallised and, after being dissolved in water and filtered to remove impurities, were dried 
to constant weight at room temperature /0-2 mm. over phosphoric oxide. 

Fraction A (0-1425 g.). Paper chromatography showed that only one sugar was present 
since the material travelled as a single compact spot with an Rg value identical with that of an 
authentic specimen of 2: 3:4: 6-tetramethyl glucose. The fraction was contaminated with 
dark impurities due probably to the somewhat drastic hydrolytic conditions employed. The 
amount of tetramethyl glucose present was calculated from the weight and methoxyl content 
of the crude material (Found: OMe, 29-0. Calc. for C,gH,O,: 52-5%) and amounted to 
0-080 g. 

After suitable purification and one recrystallisation from light petroleum (b. p. 60—80°), 
material was obtained with [«]}? +82° (c, 0-39 in water) and m. p. 89°, and did not depress 
the melting point of an authentic specimen. 

Fraction B (0-997 g.). The material travelled on the paper chromatogram as a single 
compact spot with an Rg value identical with that of 2 : 4: 6-trimethyl glucose and easily dis- 
tinguishable from the spot from 2 : 3 : 6-trimethyl glucose (Found : OMe, 40-2. Calc. for C,H,,0, : 
41-8%) (weight 0-959 g., corrected in accordance with methoxyl content). After three recrystal- 
lisations from ether, the material had m. p. 121—123°, unchanged when mixed with authentic 
2:4: 6-trimethyl glucose and depressed to 93° when mixed with 2: 3: 6-trimethyl glucose. 
The purified material had [«]}? + 72° at equilibrium (c, 3-0 in water; apart from initial muta- 
rotation, no change in rotation occurred in 1% methanolic hydrochloric acid (c, 2-6) during 
4 days, showing that a furanoside derivative was not formed (Haworth and Sedgwick, /., 1926, 
2573); [a]p +75° (2 hours); +70° (lI—4 days). The identification of the fraction as 2: 4: 6- 
trimethyl glucose was confirmed by its conversion into the $8-methylglycoside, m. p. 67—69°, 
by Oldham’s method (J. Amer. Chem. Soc., 1934, 56, 1360). 

Fraction C (0-370 g.). This material appeared to be a mixture of 4: 6- and 2 : 6-dimethyl 
glucose (cf. Connell, Hirst, and Percival, loc. cit.) (Found: OMe, 24-9. Calc. for C,H,,0, : 
29-8%) (weight 0-308 g., corrected in accordance with methoxyl content). After two recrystal- 
lisations from ethyl acetate-light petroleum (b. p. 40—60°) crystals were obtained with 
[a]? +60-5° at equilibrium (c, 6-0 in water), m. p. 157—159° alone or mixed with an authentic 
specimen of 4 : 6-dimethyl glucose. 

Fraction D (0-090 g.). Paper chromatography showed the presence of monomethyl glucose 
and glucose. No further examination was made. 

Summary of corrected yields. 2:3:4:6-Tetramethyl glucose (0-080 g., 46%); 2:4: 6- 
trimethyl glucose (0-959 g., 57%); dimethyl glucose (0-308 g., 18%); monomethyl glucose 
and glucose (0-090 g., 5-3%). Total recovery 85%. The molar ratio of the above sugars is 
approximately 1:12:4:1. 


The author expresses his appreciation of the interest taken in this work, and the gift of 
specimens, by Professor E. L. Hirst and the late Dr. E. G. V. Percival. 


THE MACAULAY INSTITUTE FOR SOIL RESEARCH, : 
CRAIGIEBUCKLER, ABERDEEN, SCOTLAND. [Received, March 5th, 1952.) 
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491. Cinnolines and Other Heterocyclic Types in Relation to the Chemo- 
therapy of Trypanosomiasis. Part I. General Introduction. Part 
IT. Quaternary Salts of Amino-cinnolines, -quinazolines, and 
-quinolines. 


By J. R. Kenerorp, E. M. Lourie, J. S. Morvey, (the late) J. C. E. Smmpson, 
J. WitiiaMson, and P. H. Wricur. 


Part I. The general theme and results recorded in the five following 
papers are summarised. 

In the hope of simplifying the phenanthridinium quaternary salts while at 
the same time retaining their trypanocidal properties, various quaternary 
salts of amino-cinnolines, -quinazolines, and -quinolines were prepared and 
tested against trypanosome (and spirochete) infections in mice. Although 
most of the compounds were inactive, crude preparations of two diamino- 
cinnoline salts showed definite trypanocidal action. This was attributed to 
the possible presence in the crude salts of the bis-cinnolinium azo-compounds 
(IX) and led to the hypothesis that other structures embodying two linked 
quaternised amino-heterocyclic units (X) might show trypanocidal properties. 
Di-(4-amino-6-cinnolyl)guanidine dimethiodide was found to have a 
chemotherapeutic index of the same order as that of ‘‘ Antrycide.”’ 

Part II. The preparation of quaternary salts of amino-cinnolines, 
-quinazolines, and -quinolines is recorded. 


PART I. GENERAL INTRODUCTION 


Tue form of trypanosomiasis which we have had chiefly in mind in the present work is 
the bovine infection, caused by Trypanosoma congolense, since this is relatively resistant 
to the arsenicals, and to suramin and pentamidine, which are so useful against human 
trypanosomiasis. When our work was begun, in 1945, the most effective drug in use 
against 7. congolense was dimidium bromide (I). This is one of the most powerful of 


several trypanocidal quaternary phenanthridinium salts, the chemistry and chemotherapy 
of which have recently been reviewed by Walls (J. Soc. Chem. Ind., 1947, 66, 182; see also 
J., 1950, 41, 311). The compounds have the general structure (II), in which two of the 
substituents are primary amino-groups and the third is a hydrogen atom. Although they 
achieved some success in veterinary practice, a real need remained for other compounds of 
greater efficacy and lower toxicity. 

The work to be described had as its initial objective the synthesis and testing of 
quaternary salts of 4-amino-quinolines, -quinazolines, and -cinnolines (for reasons discussed 
in Part II). These had little or no trypanocidal activity. A possible explanation of the 
ineffectiveness of bicyclic compounds is that the molecular weights of their cations are 
below a necessary threshold value. Of various devices for increasing the molecular size, 
that which appeared to offer most promise was suggested by the following observations. 

The inactive methiodides of 4: 6-diamino- and 4 : 6-diamino-3-methyl-cinnoline were 
prepared by the route (III) —~» (VI) —» (VII) —~ (VIII) —~> (V). When, however, 
the alternative route (III) -—» (IV) —~ (V) was investigated, it was found that the 
crude salt (V; R =H, X = I) obtained by reducing the nitro-salt (IV; R = H, X = I) 
with iron and water had marked trypanocidal activity which was largely lost during 
recrystallisation—the final product was indistinguishable from the salt derived by 
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hydrolysis of (VIII). Similar reduction * of (IV; R= Me, X =I) led to even more 
marked trypanocidal activity; none of the pure diamino-salt (VIII; R= Me, X = I) 
was isolated, but the reduced solution showed a chemotherapeutic index of about 2 against 
T. congolense in mice (intraperitoneal injection) as compared with indices of about 15 and 3 
for dimidium bromide and phenidium chloride, respectively. 
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The nitro-amine salt (IV; R =H, X = I) also showed trypanocidal properties, the 
activity slightly exceeding that of crude preparations of the derived diamine; 
however, when R = Me the nitro-amine salt is substantially inactive, so that it was 
unreasonable to ascribe the activity of the crude preparations merely to contamination by 
unchanged nitro-salt. It followed that the active substances must be impurities formed 
by side-reactions accompanying the conversion of the nitro- into the amino-salts; and 
since they were formed from nitro-compounds during reduction in approximately neutral 
solution, it seemed probable that they were bimolecular, 1.e., that they contained two 
linked cinnoline nuclei, and might well be the azo-salts (IX; R = H and Me). 

These considerations, coupled with the fact that several trypanocidal compounds 
(surfen C, trypan red, suramin, Bayer 7602 Ac, diamidines) are symmetrical (or nearly so), 
led us to suggest (Nature, 1948, 161, 603) that structure (IX) might be an example of a 
hitherto undiscovered trypanocidal type (X). 

The special hypothesis—that concerning azo-compounds—was first investigated, 
starting with the more accessible quinoline series. After initial difficulties a series of 6 : 6’- 
azoquinoline bisquaternary salts were prepared (Macey and Simpson, Part III), but these 
were biologically disappointing. In the 6 : 6’-azocinnoline series (McIntyre and Simpson, 
Parts IV and V) one member was encountered which gave two isomeric salts; one of these 
salts is probably (IX; R =H) and one of them has appreciable biological activity. 
Proceeding meanwhile to test the general hypothesis, compounds of type (X) in which Y 
was a urea, thiourea, or guanidine residue were prepared (Morley and Simpson, Part VI). 
This disclosed that N4N%-di-(4-amino-6-cinnolyl)guanidine dimethiodide (XI) has activity 
of a high order against 7. congolense infections in mice (Lourie, Morley, Simpson, and 
Walker, Brit. ]. Pharmacol., 1951, 6, 643). When the synthesis of this compound, which 
we designate briefly as ‘‘ 528,’’ was almost complete, the discovery of the now well-known 


* The results obtained were somewhat variable, but the best activity was secured by stirring an 
aqueous solution of the salt, containing a little ammonium chloride, with iron powder for } hour at 
10°; the filtered solution was used directly for testing. 
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‘‘ Antrycide ’’ salts was announced (Curd and Davey, Nature, 1949, 163, 89). Despite the 
fact that these salts were developed from surfen C (XII) (Curd and Davey, Brit. J. 
Pharmacol., 1950, 5, 25) and thus arose from a conception differing considerably from our 
own hypothesis, it is noteworthy that the structure (XIII) of these compounds is similar 
in many respects to that of ‘ 528’’ (XI), and a direct biological comparison of ‘‘ 528 ”’ 
with antrycide methyl sulphate showed that the two compounds are indeed very similar in 
activity (Lourie, Morley, Simpson, and Walker, loc. cit.). 

These results undoubtedly lend substance to the suggestion that (X) may symbolise a 
new type of trypanocidal agent, but further work is necessary before the scope or even 
the general validity of the hypothesis can be regarded as firmly established. 


Part II. QUATERNARY SALTS OF AMINO-CINNOLINES, -QUINAZOLINES, 
AND -QUINOLINES 


OuR choice of the salts named in the title, for examination as trypanocides, was determined 
by the following considerations. (i) They could be regarded as simplified versions of the 
phenanthridinium salts. (ii) Their molecules would still conform to the conditions 
required for cationic resonance, the general chemotherapeutic significance of which has 
been stressed in recent years (cf. Keneford, Morley, Simpson, and Wright, J., 1950, 1104). 
(iii) In the absence of biochemical data on which further synthetic work could be planned, 
it seemed important to establish the minimum molecular size with which trypanocidal 
activity may be associated, and also to look for possible relations between activity and 
structure: the simple bicyclic structures selected appeared to offer a suitable starting 
point. 

The earlier work of Morgan and Walls (J., 1938, 389) on the phenanthridinium 
compounds did not reveal whether quaternisation of the heterocyclic bases was essential 
for the development of activity against T. congolense. Our decision to retain this feature 
was originally governed by the facts (i) that 7-amino-9-p-aminophenyl- and 2 : 7-diamino-9- 
phenyl-phenanthridine proved to be inactive (these compounds are the parent bases of 
two of the most active quaternary phenanthridinium salts, and were kindly supplied to us 
by Messrs. May and Baker, Ltd.), and (ii) that, in contrast to other arsenical drugs, some 
activity against T. congolense is shown by quaternary tsoarsindolinium hydroxides (Lyon 
and Mann, J., 1945, 30; Lyon, Mann, and Cookson, J., 1947, 662). Since our work began, 
however, Walls (loc. cit.) has reported that little parasiticidal activity has been found in any 
phenanthridine compound not possessing a quaternary function, and the same seems to 
apply to the compounds synthesised by ourselves. 

The salts shown in Table 1 were tested against T. congolense in mice, and were all 
completely inactive. With the exception of the methiodides of 4 : 6-diamino-3-methyl-, 
4 : 6-diacetamido-3-methyl-, and 4: 6-diacetamido-cinnoline, which were tested against 
T. congolense only, all the compounds were also inactive against 7. cruzt, T. rhodesiense, 
Spirochata minus, and S. recurrentis infections in mice. 

Slight activity against 7. congolense (amounting merely to prolongation of the infection 
without even temporary clearance of parasites from the blood) was shown by the 
methiodides of 5-amino- and 4 : 6-diamino-quinoline and those of 4 : 8-diamino-7-methyl- 
cinnoline and 4-amino-3-methyl-6- and -8-nitrocinnoline. With the exception of the last 
compound, these salts were also tested against the other four organisms named above, and 
were inactive. Slight activity against T. congolense was also observed with 4-amino- 
quinoline and the hydrochloride of 4 : 6-diamino-quinoline and -cinnoline. 

The range of quaternary salts tested is far from exhaustive, the number of quinazoline 
compounds being particularly small because quaternary salts in this series containing a 
potential 4-amino-group are unstable (Morley and Simpson, J., 1948, 360; 1949, 1354). 
However, the uniformly negative, or virtually negative, biological results obtained (by 
intraperitoneal injection of maximum tolerated doses) throughout the series certainly 
suggested that trypanocidal activity is unlikely to be found among bicyclic amino- 
quaternary salts as a class; and this conclusion is strengthened by the absence of note- 
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worthy activity among several diamino-1-phenylisoquinoline metho-salts (McCoubrey and 
Mathieson, J., 1949, 696), which likewise may be regarded as simplified phenanthridinium 
salts. 


TABLE 1. Metho-salts tested. 
Substituent Anion Ref. Substituent 
Quinoline series. Cinnoline series. 


lotomd Nilo 


Quinazoline series. ; 2)2-3-Me 
4-NHPh-6-NO, NH,-7-Me-8-NO, 
6-NH,-4-NHPh 3 
7-NH,-4-NHPh 3 

Refs. : 1, Simpson and Wright, /., 1948, 1707. 2, Experimental section of this paper. 3, Morley 
and Simpson, /., 1948, 360. 4, Simpson, /J., 1947, 1653. 


to bo bo bo bo be bo bo & OS 
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EXPERIMENTAL 
Melting points are uncorrected. 


1-Methyl-2-phenylhydrazonomethylquinolinium Chloride.—This compound was prepared from 
quinaldine methosulphate and benzenediazonium chloride essentially as described by Koenigs 
and Bueren (J. pr. Chem., 1936, 146, 119), and crystallised from 80% acetic acid in red needles, 
m. p. 241—242° (lit., 241°). 

6-Amino-1-methylquinolinium Chloride—A solution of 6-acetamidoquinoline methiodide 
[m. p. 300—302° (decomp.) (Hamer, /J., 1921, 1432, gives m. p. 317°); prepared by warming 
the base and methyl iodide in alcohol (yield, 90%)] (5 g.) in 2N-hydrochloric acid (20 c.c.) was 
heated under reflux for 1 hour and then evaporated ina vacuum. The residue was refluxed with 
water (40 c.c.) and silver chloride (5 g.) for 1 hour, and the filtered solution was neutralised to 

‘pH 5—7 and concentrated, whereupon 6-amino-l-methylquinolinium chloride separated. The 
salt formed rectangular prisms, m. p. 242—243°, from aqueous acetone (Decker and Kaufmann, 
J. pr. Chem., 1911, 84, 425, give m. p. 242—243°) (Found: C, 56-4; H, 6-3; N, 13-9. Calc. for 
C4 9H,,N,ClLH,O: C, 56-4; H, 6-15; N, 13-2%). 

6-A mino-1-methylquinolinium Iodide.—(a) A solution of the corresponding nitro-salt [m. p. 
245—246° (effervescence) (Hamer, Joc. cit., gives m. p. ca. 245° with previous decomposition) ; 
prepared in theoretical yield from the base and methyl iodide in warm nitrobenzene} (3 g.) in 
water (15 c.c.) and acetic acid (3 drops) was stirred with iron filings (4 g.) for 4 hour at 90°. 
6-Amino-l-methylquinolinium iodide (1-8 g.) separated from the filtered solution in orange 
needles, m. p. 199—200° (Found: C, 40-4; H, 4-6; N, 9-9. Calc. for C,gH,,N,I,0-5H,O: C, 
40-7; H, 4:1; N, 95%). (b) A specimen prepared from the methochloride and aqueous 
potassium iodide had m. p. 199—200° alone and mixed with the above material. 

5-Amino-1-methylquinolinium Iodide.—This salt, prepared from the nitro-compound [m. p. 
212—213° (decomp.); Decker (Ber., 1905, 38, 1144) gives m. p. 215°] similarly to the 6-amino- 
isomeride, separated from water in soft brown-red needles, m. p. 213—214° (Found: C, 39-9; 
H, 4:5; N, 9-5. C, 9H,,N,I,H,O requires C, 39-5; H, 4:3; N, 9-2%). 

3 : 5-Diamino-1 : 6-dimethylquinolinium Iodide.—An intimate mixture of 6-methyl-3 : 5-di- 
nitroquinoline (1 g.) (Morley and Simpson, J., 1948, 2024) and methyl toluene-p-sulphonate 
(0-9 g.) was heated at 140° (bath-temp.) for 14 hours. When cold, the melt was pulverised 
under hot alcohol (20 c.c.), and the solid collected and recrystallised from water (20 c.c.), from 
which 1 : 6-dimethyl-3 : 5-dinitroquinolinium toluene-p-sulphonate separated in clusters of 
yellow needles, m. p. 232—-233° (decomp.) (Found: C, 52-0; H, 4-4; N, 7-8. C,,H,,0O,N,5 
requires C, 51:6; H, 4:1; N, 7-65%). A solution of this salt (0-5 g.) in hot water (10 c.c.) was 
treated at 90° with iron powder (1-3 g.) added in portions during } hour with vigorous stirring. 
After a further } hour at 90°, the solution was filtered and treated with potassium iodide, yielding 
almost pure 3: 5-diamino-1 : 6-dimethylquinolinium iodide (0-18 g.), m. p. 249—250°. The 
pure salt separated from water in orange-red prismatic needles, m. p. 254—255° (decomp.) 
(Found: C, 42-2; H, 4-7. C,,H,,N,I requires C, 41-9; H, 4:5%). 
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4-Amino-6-nitrocinnoline.—For the large-scale preparation of this and the two following 
bases, the procedure here described is superior to those previously used (J., 1948, 358, 1707). 
Dry ammonia was passed into a mixture of recrystallised 4-chloro-6-nitrocinnoline (32 g.) and 
phenol (320 g.). The mass soon liquefied, and was shaken occasionally until its temperature 
reached 50—55°; by then a dark, almost clear solution had been formed. The flask was then 
heated for } hour at an internal temp. of 135—145° (bath at 180°) with continuous passage of a 
brisk stream of ammonia. The reaction-mass was diluted while still slightly warm with ether 
(ca. 1 1.), and the crude amine filtered off and washed with ether. The base was then dissolved 
in warm 10% aqueous acetic acid (ca. 800 c.c.) and the filtered (charcoal) solution was poured 
into almost boiling N-aqueous ammonia (about 2 1.), yielding the base in a highly granular form. 
The suspension was diluted somewhat with water and filtered hot, and the solid washed with 
water; a small second crop was obtained from the cold filtrate. The yield was 25-1 g. (86%), 
and the m. p. 288—290° (decomp.) on rapid heating. 

4-A mino-3-methyl-6-nitrocinnoline.—Pure 4-chloro-3-methyl-6-nitrocinnoline (13 g.) in 
phenol (130 g.) was treated with a stream of dry ammonia for } hour at 130—140° (internal 
temp.). The crude product was a mixture of the required amine and the hydroxy-compound, 
and was digested with warm 30% aqueous acetic acid. 4-Amino-3-methy]l-6-nitrocinnoline 
(60—63%) separated from the filtered and basified solution as an orange-yellow solid, decomp. 
at 320°. The yield was not appreciably affected by heating for 1 hour, or by lowering the 
temperature to 100—105°. 

4-Amino-6-nitroquinoline.—Dry ammonia was bubbled slowly for 2 hours into a solution of 
4-chloro-6-nitroquinoline (30 g.) in phenol (300 g.) at 170—180°. Basification in the cold with 
excess of 10% aqueous sodium hydroxide gave 4-amino-6-nitroquinoline, purified by dissolution 
in 10% aqueous acetic acid (500 c.c.) and reprecipitation with sodium hydroxide solution. The 
yield was 26-5 g. (97%), and the m. p. 310—313° (decomp.). 

4: 6-Diaminoquinoline.—A solution of the foregoing nitro-amine (26 g.) in acetic acid 
(180 c.c.) was added during 5 minutes at room temperature to one of stannous chloride (96 g. ; 
“* AnalaR ’’) in concentrated hydrochloric acid (192 c.c.) and water (48 c.c.) (mechanical stirring). 
After 30 minutes at 60—65° (reduction did not proceed at a lower temperature) the suspension 
was treated with excess of 20% sodium hydroxide, and the crystalline precipitate was filtered off 
rapidly, washed with a little ice-cold water, and dried im vacuo. A solution of the base in 
acetone (charcoal) was treated with concentrated hydrochloric acid ; the dihydrochloride (24 g., 
75%), m. p. >330°, so obtained was dissolved in water and treated with sodium hydroxide, 
yielding almost colourless, brittle needles, m. p. 212—213° (decomp.), of 4 : 6-diaminoquinoline 
‘Simpson and Wright, /J., 1948, 1707, give m. p. 208° (decomp.)}. 

4 : 6-Diaminocinnoline.—The following conditions are superior to those previously described 
(J., 1950, 1104). The almost clear solution formed by dissolving 4-amino-6-nitrocinnoline 
(10 g.) in hot 0-5n-hydrochloric acid (200 c.c.) was added while still slightly warm, during 
} hour, to a stirred solution of stannous chloride dihydrate (‘‘ AnalaR ’’; 38 g.) in 10N-hydro- 
chloric acid (100 c.c.). The temperature, initially 20°, was allowed to rise to 45° and kept at 
40—45° by occasional cooling. Copious crystallisation occurred soon after the addition of the 
nitro-compound was complete. After being set aside for 1 hour, the mixture was treated with 
40% aqueous sodium hydroxide (300 c.c.), the temperature being allowed to rise freely to 50— 
55°, and the crude diamine was filtered off cold and washed with a little water. The crude base 
from 30 g. of nitro-compound was dissolved in water (450 c.c.) containing acetic acid (18 c.c.), 
and the filtered (charcoal) solution was treated with 40% sodium hydroxide (90 c.c.), whereupon 
4 : 6-diaminocinnoline (22-7 g., 90%) separated in almost colourless soft needles, m. p. 262— 
264° (decomp.). 

4 : 6-Diamino-3-methylcinnoline.—A solution of stannous chloride (‘‘ AnalaR’’; 18-8 g.) in 
10Nn-hydrochloric acid (25 c.c.) and water (25 c.c.) was added dropwise during } hour at 25—30° 
to a stirred solution of 4-amino-3-methyl-6-nitrocinnoline (5 g.) in acetic acid (25 c.c.). After 
a further } hour’s stirring at 25—30°, the yellow suspension was heated quickly to 60°, kept at 
this temperature for 5 minutes, and then treated with ice and 20% sodium hydroxide solution 
(250 c.c.). The crude 4 : 6-diamino-3-methylcinnoline which separated as a colourless solid on 
scratching was immediately dissolved in hot very dilute hydrochloric acid (100 c.c.). The 
solution was treated with acetone (100 c.c.) and concentrated hydrochloric acid (100 c.c.), 
whereupon the diamine hydrochloride (4-9—5-2 g.) separated in almost colourless prismatic 
needles, m. p. 325° (decomp.). Basification of a concentrated aqueous solution of the salt with 
potassium hydroxide gave the free diamine, m. p. 270° (decomp.), which was freely soluble in 
warm water. The diacetyl derivative, obtained in theoretical yield by refluxing acetic anhydride 
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(10 parts by volume; 5 minutes) and washing of the precipitated solid with ether, crystallised 
from acetone in colourless needles, m. p. 297—298° (decomp.) after sintering at 290° (Found : 
C, 60-45; H, 5-4; N, 20-8. C,,H,,0O,N, requires C, 60-4; H, 5-45; N, 21-7%). 

6-A mino-4-anilinocinnoline Hydrochloride.—A solution of crude 4-anilino-6-nitrocinnoline 
(Schofield and Simpson, J., 1945, 512) (5 g.) in acetic acid (30 c.c.) was treated with a solution of 
stannous chloride (14-5 g.) in concentrated hydrochloric acid (25 c.c.), added during } hour at 
60—65°. After 1 hour at 95°, the solid obtained by basification with 2N-sodium hydroxide was 
collected and digested with small quantities of hot 0-25n-hydrochloric acid until no crystals 
separated from the extracts on cooling. The 6-amino-4-anilinocinnoline hydrochloride so 
obtained (3-5 g.; m. p. 298—300°) separated in glittering, rust-coloured needles, m. p. 301—302° 
(decomp.), from very dilute hydrochloric acid (Found: C, 583; H, 525; N, 191. 
C,,H,,N,Cl,H,O requires C, 57:85; H, 5-2; N, 19:3%); the free base separated from water as a 
yellow gelatinous mass, m. p. ca. 259—-261° (decomp.). Treatment of the hydrochloride (1-62 g.) 
with anhydrous sodium acetate (0-99 g.) and acetic anhydride (6 c.c.) at 90° for 14 hours, followed 
by addition of water (25 c.c.), gave light-brown needles, m. p. 289—290° (decomp.), of 6-acet- 
amido-4-anilinocinnoline (1-15 g.). 

Preparation of Quaternary Salts from Cinnoline Bases.—The following compounds were 
prepared by heating the base (1 part by wt.) with a large excess (ca. 5 parts by vol.) of methyl 
iodide in alcohol (10—15 parts by vol.); if necessary, the solutions were concentrated for 
isolation of the products. Unless otherwise stated, clear solutions were obtained at some 
period during the reactions. The references in parentheses are to the preparation of the 
cinnoline bases, and the figures refer to times of reflux. 

4-Amino-1-methylcinnolinium iodide (J., 1948, 358; 4 hour), greenish-yellow prismatic 
needles from alcohol (yield, crude 70%, pure 35%), had m. p. 252—253° (decomp.) (Found : 
C, 38-05; H, 3-6; N, 14-65. C,H, N,I requires C, 37-65; H, 3-5; N, 14-65%). 

4-Amino-7-chloro-1-methylcinnolinium iodide (loc. cit.; }4 hour) formed orange prismatic 
needles (crude 87%, pure 45%), m. p. 282—283° (decomp.), from water (Found: C, 34:1; H, 
2-6; N, 13-2. C,H,N,CII requires C, 33-6; H, 2-85; N, 13-05%); unidentified colourless 
needles, m. p. 258—260° (decomp.), were obtained from the first filfrate. 

4-Amino-1-methyl-8-nitrocinnolinium iodide (J., 1948, 1702; 3 hours) separated from water 
as a mixture of small bronze prisms and soft leafy aggregates of needles; each form had m. p. 
and mixed m. p. 237—238° (decomp.) (crude 75%, pure 50%) (Found: C, 32-65; H, 2-3; N, 
16-6. C,H,O,N,I requires C, 32-55; H, 2-75; N, 16-85%). 

4-Amino-1 : 3-dimethyl-6-nitrocinnolinium iodide (J., 1948, 358; 3—5 hours) had m. p. 280— 
281° (decomp.), and crystallised from water in deep red prisms or plates (Found: C, 35-35; H, 
3-6; N, 16-7. C, 9H,,O,N,I requires C, 34-7; H, 3-2; N, 16-2%). The m. p. varied somewhat 
with different specimens; the yield of easily purified material was ca. 50%, a further 20% of 
poorly crystalline material, m. p. 245—250° (decomp.), being obtainable from the alcoholic 
filtrate. 

4-Amino-1 : 3-dimethyl-8-nitrocinnolinium iodide (loc. cit.; 6 hours; at no time during the 
reaction was a clear solution obtained), m. p. 263—264° (decomp.), crystallised from water in 
dark bronze irregular plates (crude 61%, pure ca. 40%) (Found: C, 35-3; H, 3-45; N, 16-6. 
C,9H,,O,N,I requires C, 34-7; H, 3-2; N, 162%). 

4-Amino-1 : 7-dimethyl-8-nitrocinnolinium iodide (J., 1948, 1702; 2 hours; some material 
was in suspension throughout the reaction) crystallised from water in long reddish-orange 
prismatic needles, m. p. 287° (decomp.) (yield of almost pure salt, 84%) (Found: C, 35-25; 
H, 3-35; N, 15-65. C,)H,,O,N,I requires C, 34-7; H, 3-2; N, 16-2%). 

4-A nilino-1-methyl-6-nitrocinnolinium iodide (J., 1945, 512; 4 hour) crystallised from water 
in glittering scarlet needles, m. p. 233—234° (decomp.) (Found: C, 44-0; H, 3-5; N, 13-4. 
C,5H,,0,N,I requires C, 44-1; H, 3-2; N, 13-7%); the salt was obtained in the same yield 
(7 g.), but more conveniently, by heating a solution of the base (5 g.) in nitrobenzene (50 c.c.) 
with methyl iodide (10 c.c.) for } hour on the steam-bath under reflux. 

6-Acetamido-4-anilino-1l-methylcinnolinium iodide (this paper; 1} hours) formed yellow 
prismatic needles (0-39 g. from 0-9 g. of base), m. p. 267—268° (decomp.), from water (Found : 
C, 46-3; H, 435; N, 12-5. C,,H,,ON,I,H,O requires C, 46-6; H, 4:35; N, 128%). The 
corresponding chloride, obtained by recrystallising the iodide from 2N-hydrochloric acid, had 
m. p. 240—241° (decomp.) and did not depress the m. p. of the analytical sample described 
below. Concentration of the alcoholic filtrate from the iodide (reduced pressure) and 
crystallisation of the product from water gave a substance (0-5 g.), m. p. 189—191°, which could 
not again be satisfactorily crystallised from water, but gave deep yellow needles, m. p. 278—280° 
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{decomp.), when crystallised from dilute hydrochloric acid (Found: C, 65-0; H, 5-05; N, 
19-05%). 

4 : 6-Diacetamido-1-methylcinnolinium iodide (J., 1950, 1104; 4 hour) crystallised from 
water in yellow prismatic needles, m. p. 265° (decomp.) (yield of pure salt, 75%) (Found: C, 
39-2; H, 4:3; N, 13-8. C,,;H,,0,N,1,0-5H,O requires C, 39-5; H, 4-1; N, 14-2%). A solution 
of this salt (6 g.) in N-hydrochloric acid (120 c.c.) was heated under reflux for l hour. Potassium 
iodide (20 g.) in water (20 c.c.) was added to the solution, from which almost pure 4 : 6-diamino-1- 
methylcinnolinium iodide (4-5 g., 95%) slowly separated. The pure salt crystallised from water 
in yellow needles, m. p. 273—275° (decomp.) (Found: C, 35-8; H, 3-8; N, 21-8; I, 42-7. 
C,H,,N,I requires C, 35-75; H, 3-7; N, 18-5; I, 42-05%). 4: 6-Diamino-1-methylcinnolinium 
bromide (6-6 g.) was prepared by refluxing a solution of the iodide (8 g.) in water (200 c.c.) with 
silver bromide (20 g.) for 1 hour, and then adding sodium bromide (40 g.) to the filtered solution ; 
the salt was easily soluble in water, and crystallised in golden-yellow needles, m. p. 286—287° 
(decomp.) (Found: C, 42-5; H, 4:5; N, 19-3; Br, 31-35. C,H,,N,Br requires C, 42-4; H, 
4-35; N, 21-9; Br, 31-3%). The chloride, similarly prepared, crystallised from water or aqueous 
acetone in yellow needles, m. p. about 305° (decomp., depending somewhat on the rate of 
heating) (Found: C, 51-8; H, 5-55; N, 24-9; Ci, 16-45. C,H,,N,Cl requires C, 51-3; H, 5-25; 
N, 26-6; Cl, 168%). The thiocyanate crystallised when aqueous solutions of the methobromide 
and of ammonium thiocyanate were mixed; it formed golden-yellow needles which melted at 
187—188° (without decomposition but somewhat dependent on the rate of heating) (Found : 
C, 50-4; H, 4:65; N, 31-3; S, 12-75. Cy H,,N,S requires C, 51-45; H, 4-75; N, 30-0; S, 
13-7%). 

4 : 6-Diacetamido-1 : 3-dimethylcinnolinium iodide (this paper; 1 hour) separated from 
alcohol in stout, orange-red, prismatic needles, m. p. 243—244° (decomp.) (crude, 91%; pure, 
53%) (Found: C, 42-5; H, 4:55; N, 14-0. C,,H,,;O,N,I requires C, 42-0; H, 4:3; N, 140%). 
The salt (4-35 g.) was heated under reflux for 1 hour with N-hydrochloric acid (100 c.c.). The 
product (2-65 g.) which separated on cooling had m. p. 294—295°, and was probably a mixture of 
chloride and iodide. Treatment of its aqueous solution with potassium iodide gave long golden 
needles of 4 : 6-diamino-1 : 3-dimethylcinnolinium iodide, m. p. 282—-283° (decomp.), and more 
was obtained by treating the original acid filtrate with potassium iodide (total yield 87%, based 
on acetamido-compound) (Found: C, 35-7; H, 4-7; N, 16-6. Cj, )H,,N,I,H,O requires C, 35-9; 
H, 4:5; N, 16-75%). 4: 6-Diamino-1 : 3-dimethylcinnolinium chloride (2-35 g.), prepared by 
treating the iodide (3-0 g.) with freshly precipitated silver chloride (6 g.) in boiling water (100 c.c.) 
for } hour and then adding sodium chloride (6 g.) to the filtered solution, separated from dilute 
aqueous sodium chloride in long, golden-yellow needles, m. p. 314—315° (decomp.), and was 
appreciably soluble in cold water (Found: C, 52-9; H, 5-55; N, 24-4. C, 9H,,N,Cl requires 
C, 53-4; H, 5-8; N, 249%). 

Application of the above quaternisation conditions (3 hours) to 4-amino-6-nitrocinnoline 
gave a product which was later found (Atkinson, forthcoming publication) to be substantially 
the expected salt contaminated with some isomeric material. As thus prepared, the salt 
crystallised from water in rosettes of orange-red needles, m. p. 209—210° (decomp.) (yield, 
crude 60%, pure 40%) (Found: C, 33-05; H, 2-85. C,H,O,N,I requires C, 32-5; H, 2-7%). 

Preparation of Bz-Aminocinnolinium Salts.—The following compounds were prepared by 
reducing the appropriate nitro-salt in water with iron powder; figures in parentheses are, 
respectively, weight of nitro-compound, volume of water, weight of iron, temperature, time 
taken for addition of iron, and total time of reduction. The filtered solutions were concentrated 
if necessary in an evacuated desiccator until crystallisation set in, and the salt were purified by 
recrystallisation from water. Yields given are for pure or nearly pure material. 

4 : 6-Diamino-1l-methylcinnolinium iodide (4-1 g., 75 c.c., 9 g., 90°, } hour, 1 hour) formed 
brown prismatic needles (1-35 g.), m. p. 273—-274° to a dark liquid after shrinking at 265°; the 
m. p. was not depressed by admixture with the authentic sample described above (Found: C, 
35-6; H, 3-7; N, 18-5; I, 42-4. Calc. for C,H,,N,I: C, 35-75; H, 3-7; N, 18-5; I, 42-05%); 
unidentified products were also formed. 4: 6-Diamino-1 : 3-dimethylcinnolinium iodide [1 g. 
(crude), 40 c.c., 2 g. (added all at once), 88°, 1 hour, mechanical stirring] crystallised in long 
bronze-coloured needles (0-25 g.), m. p. 283—284° (decomp.) alone and when mixed with the 
authentic material described above (Found: C, 36-0; H, 455; N, 16-8. Calc. for 
CioH,3N,I,H,O: C, 35-9; H, 4:5; N, 16-75%). Other products were also present in the 
filtrate from this compound. 4: 8-Diamino-1 : 7-dimethylcinnolinium iodide (1-5 g., 150 c.c., 
2-7 g. added all at once, 90°, 1 hour) separated in small red needles (1 g.), m. p. 338° (decomp.) 
(Found: C, 37-3; H, 4:2; N, 17-4. Cy 9H 43N,I,}H,O requires C, 37-45; H, 4:25; N, 17-5%). 
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6-A mino-4-anilino-1-methylcinnolinium iodide (1 g., 80 c.c., 1-25 g., 92—94°, 4 hour, 1} hours, 
mechanical stirring) (0-39 g.) crystallised from alcohol in orange needles, m. p. 240—241° 
(decomp.) (Found: C, 48-0; H, 4:8; N, 13-8. C,;H,,;N,I,C,H,;°OH requires C, 48-0; H, 5-0; 
N, 13-2%). 6-Acetamido-4-anilino-1-methylcinnolinium chloride, formed by heating a solution 
of the foregoing salt (100 mg.) in water (2 drops) and acetic acid (1 c.c.) with acetic anhydride 
(1 c.c.) at 95° for 14 hours and then adding 2n-hydrochloric acid to the cold solution, separated 
in orange-yellow needles (80 mg.), m. p. 237—-238° (decomp.) (238—239° when mixed with the 
sample described above) (Found: C, 58-6; H, 5-4; N, 15:5; Cl, 10-4. C,,H,,ON,Cl,H,O 
requires C, 58-8; H, 5-5; N, 16-1; Cl, 10-2%). 

4 : 6-Diamino-1-methylquinolinium Jlodide.—4 : 6-Diacetamido-1l-methylquinolinium iodide 
(Simpson and Wright, J., 1948, 1707) (5 g.) was heated under reflux for 1 hour in n-hydrochloric 
acid (50 c.c.); potassium iodide (25 g.) was then added, and the solution was cautiously 
neutralised in the cold with aqueous ammonia to pH 6—7. The crude 4 : 6-diamino-1-methyl- 
quinolinium iodide (4-75 g.; m. p. 245—250°) which separated was recrystallised from water, 
from which the pure salt, m. p. 257—258°, was obtained in small, yellow prisms followed by 
long, yellow blades (Found: C, 40-0; H, 4:1; N, 13-5. C4 9H,.N,I requires C, 39-9; H, 4-0; 
N, 13-95%). Dilute solutions exhibited a beautiful blue fluorescence, destroyed by increase or 
decrease in pH. Treatment with nitrous acid gave a solution which coupled immediately with 
alkaline $-naphthol. 
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492. Cinnolines and Other Heterocyclic Types in Relation to the Chemo- 
therapy of Trypanosomiasis. Part III.* Synthesis of 4 : 4'-Diamino- 
6 : 6’-azoquinoline Metho-salts. 
By P. E. Macey and (the late) J. C. E. Simpson. 


In exploration of the hypothesis that trypanocidal activity might be 
shown by structures containing two linked quaternised amino-heterocyclic 
units, 4: 4’-diamino-6 : 6’-azoquinoline methochloride and methiodide have 
been synthesised from 4: 4’-diaminoazobenzene. When tested against 
T. congolense infections in mice, these compounds were not curative, but 
effected temporary clearance of the blood from trypanosomes. 


For reasons recorded in Part I * of this series, it was desired to synthesise 4 : 4’-diamino- 
6 : 6’-azocinnoline metho-salts. As a preliminary to this, and also because it was not 
intended to confine later work to the cinnoline series, the preparation of 4: 4’-diamino- 
6 : 6’-azoquinoline metho-salts was first investigated. 

Few azoquinolines are mentioned in the literature. Their preparation fiom diazonium 
salts and aminoquinolines, and from diazotised 4 : 6-diaminoquinaldine and phenols or 
amines, is described in G.P. 622,596. Kneuppel (Annalen, 1900, 310, 75) has stated that 
6 : 6’-azoquinoline (II; R = H) is a by-product in the preparation of 6-aminoquinoline 
from the nitro-compound by reduction with iron and aqueous alcohol in the presence of 
calcium chloride. In view of the possibility of converting (II; R = H) into (1), we 
repeated this but found that Knueppel’s compound gave no diazotisable product on 
treatment with stannous chloride in hydrochloric acid; its representation as (II; R = H) 
is thus open to doubt. Reduction of 6-nitroquinoline with sodium arsenite or sodium 
stannite in aqueous alcohol gave difficultly separable mixtures of high-melting, faintly 
coloured products which were not investigated, and preliminary attempts to form (II; 
R = H) from 4: 4’-diaminoazobenzene by the Skraup method were not encouraging. 
Simple aromatic nitro-compounds can be satisfactorily reduced to azo-compounds by 


* Parts I and II, preceding paper. 
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lithium aluminium hydride in ether at —80° (Nystrom and Brown, J. Amer. Chem. Soc., 
1948, 70, 3738), but application of the method to nitroquinolines is made unattractive by 
their low solubility in ether. 
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The possibility was then investigated of applying the well-known synthesis of 4-hydroxy- 
quinolines from arylamines and ethyl ethoxymethylenemalonate. Condensation of 
4: 4’-diaminoazobenzene with ethyl ethoxymethylenemalonate and cyclisation of the 
resultant ester (III) in ‘‘ Dowtherm ’’ under closely defined conditions gave diethyl 4 : 4’- 
dihydroxy-6 : 6’-azoquinoline-3 : 3’-dicarboxylate; by hydrolysis and decarboxylation 
this yielded 4 : 4’-dihydroxy-6 : 6’-azoquinoline (II; R= OH). None of the last three 
compounds melted at 320°; each was amorphous and insoluble in organic solvents, and 
separated in more or less gelatinous form on acidification of alkaline solutions. Treatment 
of (II; R = OH) with a mixture of phosphorus pentachloride and phosphoryl chloride 
gave the crystalline dichloro-compound (II; R = Cl), m. p. 272—274°, and the remaining 
transformations into the bismetho-salts (1; X = Cl and I) all proceeded by way of 
crystalline intermediates. 

Treatment of pure (II; R = Cl) with potassium hydroxide and phenol, and with 
ammonia and phenol at 180°, gave the phenoxy- and amino-derivatives (Il; R = OPh 
and NH,) respectively. The pure phenoxy-compound was also readily prepared from 
crude chloro-compound, purification of which was difficult and wasteful; the preparation 
of the amine from the phenoxy-compound, rather than directly from the chloro-compound, 
would therefore be an advantage. This possibility was suggested to us by the observation 
of our colleague Mr. J. McIntyre that interaction of 4-chloro-6-nitroquinoline, phenol, and 
ammonia affords excellent yields of either 6-nitro-4-phenoxy- or 4-amino-6-nitro-quinoline, 
according to whether a bath temperature of 130° or 180° is used. When ammonia was 
passed into a solution of (Il; R = OPh) at 180°, no reaction occurred, but the addition of 
2 mols. of ammonium chloride (with conditions otherwise unchanged) afforded a good 
yield of the amine. A similar observation, that the presence of amine salt is essential to 
induce reaction between an alkylamine and 7-chloro-4-phenoxyquinoline, has recently 
been made by Surrey and Cutler (J. Amer. Chem. Soc., 1951, 73, 2623). 

Conversion of (Il; R = NH,) into the quaternary salt (1; X = I) was effected with 
methyl iodide in phenol. Alternatively, the diacetamido-compound (Il; R = NHAc) 
was heated with a large excess of methyl toluene-p-sulphonate and the product hydrolysed 
with hydrochloric acid. The product (I; X = Cl) so obtained appeared to be identical 
with material prepared from the above methiodide and silver chloride, but owing to the 
impossibility of making mixed melting point determinations (the compounds did not 
melt below 330°) additional evidence was required. This was obtained by boiling the 
metho-salts with aqueous sodium hydroxide and collecting the gas evolved; it was found 
that ammonia was liberated in 75% yield, and there was no evidence of the presence of 
methylamine. The non-volatile product appeared to be the expected 1: 1’-dimethyl- 
6 : 6’-az0-4 : 4’-quinolone (IV). 

The biological activity of the salts (I; X = Cl and 1) has been examined in the 
Department of Pharmacology, Oxford, by Dr. E. M. Lourie and Dr. J. M. Walker (cf. Lourie, 
Morley, Simpson, and Walker, Brit. J]. Pharmacol., 1951, 6, 643); when they are injected 
subcutaneously at about half the maximum tolerated dose into mice infected with 
T. congolense, the blood is temporarily cleared of parasites, but neither compound is 
curative. 
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EXPERIMENTAL 
M. p.s are uncorrected. 

pp’-(2 : 2’-Dicarbethoxyvinylamino)azobenzene (II1).—pp’-Diaminoazobenzene (15 g.), ethyl 
ethoxymethylenerhalonate (30 g.), and ‘“‘ Dowtherm”’ (diphenyl ether 75% + diphenyl 25% 
by wt.) (150 c.c.) were kept at 95° for } hour at atmospheric pressure and then for 1} hours 
at 20—30 mm. The solid which had separated was collected, freed from ‘‘ Dowtherm”’ by 
being washed with ligroin, and crystallised from alcohol, yielding pp’-(2 : 2’-dicarbethoxyvinyl- 
amino)azobenzene (94%) as orange needles, m. p. 192—193° (Found: C, 60-8; H, 5-7; N, 10-3. 
C,y,H3,0,N, requires C, 60-9; H, 5-8; N, 10-1%). 

4 : 4-Dichloro-6 : 6’-azoquinoline.—A suspension of the foregoing compound (15 g.) in 
‘* Dowtherm ”’ (300 c.c.) (vigorously stirred throughout the experiment) was rapidly heated in a 
flask fitted with a short (8’’) air-condenser. At 90° a clear red solution was formed, at 245 
alcohol was rapidly evolved, and at 253° a solid separated (13 minutes from the start of the 
heating). The suspension was kept in vigorous ebullition (255—258°), so that the refluxing 
solvent reached the top of the condenser, for } hour, after which it was cooled and the solid 
collected and well washed with ligroin (yield, theoretical). 

The crude diethyl 4: 4’-dihydroxy-6 : 6’-azoquinoline-3 : 3’-dicarboxylate from 7 such 
experiments was boiled with 5% aqueous sodium hydroxide (4200 c.c.) under reflux for 1 hour 
with mechanical stirring. Most of the solid dissolved, and excessive foaming was reduced by 
a little amyl alcohol. The liquid was filtered when cold from a residue (6 g.); this was digested 
with boiling water and the extract added to the main filtrate. The solution was acidified whilst 
hot with glacial acetic acid, and the crude acid, which was invariably somewhat gelatinous, was 
collected, washed, and dried at 140°/10—20 mm. over phosphoric anhydride (yield, 92%). 

Decarboxylation of this material (10 g.) was effected in ‘‘ Dowtherm”’ (400 c.c.). The 
mechanically-stirred suspension was heated, with gentle refluxing, in a slow stream of nitrogen 
which was led through barium hydroxide solution; carbon dioxide was steadily evolved, the 
reaction virtually ceasing after 3 hours. The suspended solid was then collected and washed 
with ligroin until free from ‘‘ Dowtherm.’’ In spite of the vigorous drying to which the acid 
was subjected, water was invariably eliminated during the decarboxylation, indicating either 
that other pyrolytic reactions occurred or that the acid formed an unusually stable hydrate. On 
the assumption that the acid was anhydrous, the yield of crude 4 : 4’-hydroxy-6 : 6’-azoquinoline 
was 105°, and that of barium carbonate was 82%. 

The above hydroxy-compound (25 g.), phosphorus pentachloride (62-5 g.), and phosphorus 
oxychloride (125 g.) were boiled under reflux for 2 hours. The suspension was poured on 
crushed ice, set aside for 1 hour, and then made just alkaline to phenolphthalein. The product 
was collected, washed, dried thoroughly, and extracted with boiling benzene (2400 c.c.). 
Concentration of the extracts gave fairly pure crystalline material (11-7 g., 42°) which melted 
within the range 255—265°. Further purification was achieved only by crystallisation from 
hot 2n-sulphuric or 2N-hydrochloric acid (150 c.c./g.); a final crystallisation from benzene then 
vielded 4 : 4’-dichloro-6 : 6’-azoquinoline as rosettes of orange needles, m. p. 273—-274° (Found : 
N, 15-6; Cl, 19-9. CysHy)N,Cl, requires N, 15-9; Cl, 20-19%). 

4: 4’-Diphenoxy-6 : 6’-azoquinoline.—The foregoing crude dichloroazo-compound (8 g.), 
m. p. 264—266° with previous softening, was heated with a solution of potassium hydroxide 
(3-2 g.) in phenol (40 g.) at 140—147° for 1 hour. The melt was then cooled and stirred with 
excess of 5°, aqueous sodium hydroxide, and the solid was collected, digested with alcohol, 
and crystallised from ethyl methyl ketone, from which almost pure 4: 4’-diphenoxy-6 : 6’- 
azoquinoline (57%) separated in orange blades, m. p. 236—238°. An analytically pure specimen, 
prepared from pure 4: 4’-dichloro-6 : 6’-azoquinoline, had m. p. 238-5—239-5° (Found: C, 
76-5; H, 4-4; N, 12-4. Cy 9H O,N, requires C, 76-9; H, 4:3; N, 12-0%). 

4: 4’-Diamino-6 : 6’-azoquinoline.—(a) A solution of the pure dichloroazoquinoline (5 g.) in 
phenol (50 g.) was heated at 170—180° under a reflux condenser for 2 hours, a brisk stream of 
dry ammonia being passed through the mixture. The cold melt was digested with excess of 
5% sodium hydroxide solution, the solid collected and dissolved in 5% aqueous acetic acid, and 
the base precipitated from the hot filtered solution by sodium hydroxide. The dried solid was 
dissolved in warm glacial acetic acid (100 c.c.); on addition of ethyl acetate (130 c.c.) 4: 4’-di- 
amino-6 : 6’-azoquinoline triacetate dihydrate (5-1 g.) separated in yellow needles which did not 
melt at 330° (Found, for material dried at room temp.: C, 540; H, 5-6; N, 15-2. 
C,,.HyN,,3CH,°CO,H,2H,O requires C, 54:3; H, 5-7; N, 15-8%). This salt formed a red 
solution in water; addition of aqueous ammonia precipitated 4 : 4’-diamino-6 : 6’-azoquinoline, 
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which crystallised in orange needles from phenol containing a little alcohol (Found: C, 67-5; 
H, 4:6; N, 25-6. C,,H,,N,,0-25H,O requires C, 67-5; H, 4-6; N, 26-3%). The base was 
insoluble in the common solvents and did not melt at 330°; salts with mineral acids could not be 
obtained crystalline. 

(b) 4: 4’-Diphenoxy-6 : 6’-azoquinoline (6 g.), phenol (60 g.), and ammonium chloride 
(1-4 g.) were heated in a stream of dry ammonia at 175—180° for 1} hours. The product was 
worked up as above and converted into the acetate (5-3 g.) which, after being dried at 100° ina 
vacuum, appeared to be the monoacetate monohydrate (Found: C, 61:3; H, 5-05; N, 21-4. 
C,,H,,N,,CH,°CO,H,H,O requires C, 61-2; H, 5-1; N, 21-4%). 

4 : 4’-Diacetamido-6 : 6’-azoquinoline.—The above mentioned amine triacetate (1-5 g.), 
dissolved in acetic acid (10 c.c.), was heated under reflux for 1 hour with acetic anhydride 
(10 c.c.), and the product collected after dilution with ether. The compound was insoluble in 
common organic solvents, but dissolved in slightly aqueous acetic acid. It formed yellow 
needles, which did not melt at 330°, from acetic acid (97°%%)—ethyl acetate (Found: C, 64-2; H, 
4-8; N, 19-7. C,.H,,0O.N,,H,O requires C, 63-45; H, 4-85; N, 20-2%). 

4: 4’-Diamino-6 : 6’-azoquinoline Metho-salts.—(a) The base (1-5 g., prepared from the pure 
acetate) was heated with phenol (30 g.) and methyl iodide (6 c.c.) on the steam-bath (reflux 
condenser). After 14 hours, when a clear red solution had been formed, more methyl] iodide 
(3 c.c.) was added, whereupon crystallisation slowly took place. After a total of 3 hours, the 
mass was stirred with ether and the crude 4: 4’-diamino-1 : 1’-dimethyl-6 : 6’-azoquinolinium 
di-iodide (2-8 g.) collected. The crystalline form was largely lost on recrystallisation from a 
large volume of water, but on further crystallisation from phenol—alcohol-ether the salt separated 
in well-formed orange-yellow needles which did not melt at 330° (Found: C, 38-0; H, 3-9; N, 
12-8. CyoHgoN,l,,2H,O requires C, 37-9; H, 3-8; N, 13-3%). 

(b) The above salt (1-5 g.), silver chloride (from 1-75 g. of silver nitrate), and water (250 c.c.) 
wére boiled under reflux for 1} hours. The resultant dimethochloride (orange-red plates; 1-05 g.) 
separated from the filtered solution on addition of 2N-hydrochloric acid (30 c.c.) and was 
recrystallised from 0-04N-hydrochloric acid (Found: C, 52-25; H, 5-65; N, 18-9; Cl, 15-7. 
CopHooN ,Cl,,2H,O requires C, 53-2; H, 5-4; N, 18-7; Cl, 15-7%). It did not melt at 330°, and 
separated from water alone in an amorphous state. 

(c) 4: 4’-Diacetamido-6 : 6’-azoquinoline (0-7 g.) and methyl toluene-p-sulphonate (14 g.) 
were slowly heated in an oil-bath. At 180°, when the base had largely dissolved, crystallisation 
suddenly occurred, and after a further } hour at 160—180° the product (1-25 g.) was isolated by 
dilution with ether and hydrolysed by heating it under reflux with 2-5n-hydrochloric acid 
(250 c.c.). Orange-red plates rapidly separated; this material, which did not melt at 330°, 
appeared to be identical with the salt prepared as in (b). The solvent was largely removed at 
100° in a vacuum, but satisfactory analyses could not be obtained (Found: C, 56-6; H, 4-7; 
N, 17-2. Calc. for CygHggN,Cl, : C, 57-8; H, 4-85; N, 20-25%). 

Alkaline Decomposition of 4: 4’-Diamino-1 : 1’-dimethyl-6 : 6’-azoquinolinium Dichloride and 
Di-iodide.—The methochloride [0-2 g., prepared by method (6)] was boiled under reflux with 
0-2n-sodium hydroxide (55 c.c.) in a stream of nitrogen, the issuing gases being passed through 
water which was periodically neutralised with picric acid. After 14 hours this aqueous solution 
was concentrated, yielding ammonium picrate (60 mg., 25%), m. p. 280° (decomp.) alone and 
when mixed with an authentic specimen [m. p. 290° (decomp.)], and 200° when mixed with 
methylammonium picrate (m. p. 210—212°). 

In a second experiment, the methiodide (0-5 g.) and 0-5N-sodium hydroxide (50 c.c.) were 
boiled under reflux in a stream of nitrogen; the gases were passed through dilute sulphuric acid, 
which was back-titrated at intervals. The following Table gives the amount of ammonia (as % 
of that theoretically possible) evolved after the times stated : 

Time (hours) 4 2 4 54 7 134 

NH,, % 42-7 50-8 57-0 61-1 75-0 
The non-volatile product of the reaction was filtered off (0-28 g.), digested with boiling water, 
and crystallised from phenol-alcohol, yielding yellow rhombs, which did not melt at 330°, of 
1 ; 4-dihydro-4 : 4’-diketo-1 : 1’-dimethyl-6 : 6’-azoquinoline (Found: C, 69-05; H, 5-05; N, 
16-7. CgoH,,O,N, requires C, 69-75; H, 4:7; N, 16-3%). The compound was very sparingly 
soluble in common organic solvents, and easily soluble in dilute acids. 
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493. Cinnolines and Other Heterocyclic Types in Relation to the Chemo- 
therapy of Trypanosomiasis. Part IV.* Synthesis of Azocinnoline 
Derivatives. 


By J. McINTyRE and (the late) J. C. E. Srmpson. 


Azocinnolines containing an azo-substituent at C,,. and other substituents 
at C,,, have been prepared from appropriate o-aminoarylazoacetophenones ; 
the synthesis of these intermediate azo-compounds from arylamines and 
nitroso-compounds has necessitated a study of the conditions governing the 
formation of nitroso-compounds by the oxidation of arylamines with Caro’s 
acid. Quaternisation of the diaminoazocinnoline (V; R = NH,) gives two 
different dimethochlorides, each of which shows activity against T. congolense 
infections in mice ; the monoquaternary salt (VI), on the other hand, is inactive. 


THE present communication describes experiments directed towards the synthesis of bis- 
azocinnolinium quaternary salts (A; R =H). The aim of this work was to test the 
validity of the hypothesis that the trypanocidal compounds produced during the reduction 
of 6-nitro-4-aminocinnolinium salts (as B) are the 6: 6’-azocinnolinium salts (Keneford, 
Lourie, Morley, Simpson, Williamson, and Wright, Nature, 1948, 161, 603; J., 1952, 2595). 
NH, NH, 
of ys 4 4S 
Ny/\Z Wn 
Me 2x- M 


(A) 


The unfavourable physical properties of 4 : 4’-disubstituted 6 : 6’-azoquinolines (Macey 
and Simpson, preceding paper) suggested that it would be advantageous to introduce the 
azo-linkage at as late a stage as possible during the synthesis. The possibility of preparing 
azocinnolines from 6-nitrocinnoline (Morley, J., 1951, 1971) or its 4-substituted derivatives 
was rejected because 6-nitroquinoline is unsuitable as a starting-point for similar reactions 
(Macey and Simpson, Joc. cit.), but the condensation of nitroso- with amino-cinnolines 
seemed attractive provided that the nitroso-compounds could be made available. The 
oxidation of 4 : 6-diaminoquinoline with Caro’s acid was therefore examined as a model. 
No identifiable product was formed in neutral solution, and in acid solution the theoretical 
amount of Caro’s acid gave only a small yield of 4-amino-6-nitroquinoline, which became 


TABLE |. Oxidation of amines with Caro’s acid in neutral and in acid solution. 
Products formed in 
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Amine used Azoxy Nitro Nitroso Azoxy Nitro 
m-Aminoacetophenone +(25%) —- + - 
p-Nitroaniline - y —- % + (50%) 
2-Acetyl-4-aminoacetanilide - +(20%) + 
4-Amino-2-nitroacetanilide — y 
6-Aminophthalide * +(5 — No product identified 
* Unpublished work. 


ade 


the main product when the amount of reagent was increased. The formation of nitro- 
rather than nitroso-compounds by treatment of aromatic amines with Caro’s acid is not 
uncommon (we have ourselves observed it in two instances; see Table 1), and the reaction 
may be even more difficult to arrest at the nitroso-stage with heterocyclic amines, as 2-, 
3-, and 4-aminopyridine all give the corresponding nitro-compounds on oxidation with 
reagents similar to Caro’s acid (Kirpal and Bohm, Ber., 1931, 64, 767; 1932, 65, 680; 
Schickh, Binz, and Schulz, ibid., 1936, 69, 2593). Experiments (carried out by Dr. J. S. 
Morley) on the condensation of nitrosobenzene with heterocyclic amines were equally un- 
promising ; in alcohol or acetic acid, 4-aminocinnoline and 4-aminoquinoline failed to react, 


* Part III, preceding paper. 
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as was expected, but 5- and 6-aminoquinoline underwent complex reactions and yielded 
highly-coloured tars from which no pure substance could be isolated. 

In view of these discouraging results, attention was turned to the preparation of 
2-amino-5-arylazoacetophenones, which might be expected to yield 6-arylazo-4-hydroxy- 
cinnolines by diazotisation and cyclisation. No aminoacetophenone of this type has yet 
been described, but Elbs and Wogrinz (Z. Elektrochem., 1903, 9, 429) claimed to have 
prepared crystalline 3 : 3’-diacetylazobenzene (I; R = R’ = H) by electrolytic reduction of 
m-nitroacetophenone ; nitration of this might conceivably yield the useful intermediates 
(I; R=H, R’=NO,; R=R’=NO,). However, an attempt (by Dr. J. S. Morley) to 
reproduce Elbs and Wogrinz’s results gave no crystalline product, and the subsequent 
preparation of (1; R= R’ = H) by other routes (see below) showed that the claim of these 
workers is inaccurate. It was therefore decided to prepare the arylazoacetophenones by 
condensing appropriately substituted amino- and nitroso-compounds. 

Nitroso-compounds have been prepared from arylamines by means of various oxidising 
agents, of which Caro’s acid is the most generally convenient despite the large volumes 
which its use entails in preparative work. Many examples are known, but no attempt seems 
to have been made to define the effect of variations in experimental conditions, and in the 
nature and position of substituents, on the course of the reaction. The arylamine is 
considered (Sidgwick, ‘‘ Organic Chemistry of Nitrogen,’’ Oxford Univ. Press, 1942, p. 204) 
to be converted first into the corresponding hydroxylamino-compound and thence into the 
nitroso-derivative, which may then either survive or yield an azoxy-compound by con- 
densation with unoxidised hydroxylamino-compound. In our experience (see Table 1) 
it is essential, in order to obtain a good yield of nitroso-derivative, to work with neutralised 
Caro’s acid, and to add the amine as a solution in dioxan, whereby a well-dispersed suspen- 


TABLE 2. Oxidation of o-substituted amines with Caro’s acid inXacid solution. 


Substituents Yield (%) of Substituents Yield (%) of 
(NH, = 1) nitroso-cpd. Ref. (NH, = 1) nitroso-cpd. Ref. 


? 


78 l 2-Me-4-NO, 90 2 
75 1 2-Me-5-NO, Good 3 
2-NO,-6-Me 60 2 


1, Bamberger and Hibner, Ber., 1903, 36, 3803. 2, Meisenheimer and Hesse, Ber., 1919, 52, 1161. 
3, Chardonnens and Heinrich, Helv. Chim. Acta, 1940, 23, 1399. 


sion is formed which reacts rapidly ; in acid solution, on the other hand, little if any nitroso- 
compound can be isolated, the main product usually being the azoxy-derivative. Examin- 
ation of the literature confirms this conclusion (the use of dioxan is new), and in addition 
shows that o-substituted amines are a striking exception to this rule in that their oxidation 
to nitroso-compounds can also be carried out in acid solution (see Table 2); the yields are 
usually good, and little or no azoxy-compound is formed. These general observations are 
readily explained by Brand and Mahr’s findings (J. pr. Chem., 1931, 131, 97; 1935, 142, 
153) that condensation of nitroso- with hydroxylamino-compounds (to give azoxy-deriv- 
atives) is catalysed both by alkali and by acid (the reaction velocity therefore being pre- 
sumably minimal in neutral solution), and also that it is hindered by the presence of an 
o-substituent. The conditions which, according to their results, favour the survival of 
nitroso-compound in the presence of hydroxylamino-compound are thus identical with 
those which produce optimal yields of nitroso-compound when an amine is treated with 
Caro’s acid. 

Interaction between m-nitrosoacetophenone and aniline yielded 3-acetylazobenzene 
(II; R= R’ = H), also prepared by the alternative condensation of nitresobenzene with 
m-aminoacetophenone. Attemptstonitrate (II; R= R’ = H) undera variety of conditions 
were unsuccessful, but the mono-nitro-derivative (II; R= H, R’ = NO,) was prepared by 
condensing m-aminoacetophenone with p-nitronitrosobenzene. Efforts to induce reaction 
between nitrososobenzene and 5-amino-2-nitrosoacetophenone, which would have given the 
isomer (II; R= NO,, R’ = H), were unsuccessful. 

The preparation of 5-arylazoacetophenones containing a protected amino-group at 
position 2 was then investigated. 5-Amino-2-benzamidoacetophenone and nitrosobenzene 
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reacted with ease, but the resultant 3-acetyl-4-benzamidoazobenzene (II; R= NHBz, 
R’ = H) could not be hydrolysed to the free amine. However, interaction of 2-acetamido-5- 
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aminoacetophenone (prepared in almost quantitative yield by catalytic reduction of 2- 
acetamido-5-nitroacetophenone ; chemical reduction was less satisfactory) with nitroso- 
benzene and with m-nitrosoacetophenone readily yielded 4-acetamido-3-acetylazobenzene 
(Il; R= NHAc, R’ = H) and 4-acetamido-3 : 3’-diacetylazobenzene (I ; R = H, R’ = NHAc) 
respectively, whence the corresponding amines were easily prepared by acid hydrolysis. 
The structure of the first of these amines (Il; R = NHg,, R’ = H) was proved by deamin- 
ation to 3-acetylazobenzene (II ; R = R’ = H), identical with material prepared as described 
above. 2-Acetamido-5-nitrosoacetophenone (III) (prepared from the 5-amino-compound) 
condensed smoothly with 2-acetamido-5-aminoacetophenone, to yield 4 : 4’-diacetamido- 
3: 3’-diacetylazobenzene (I; R= R’ = NHAc), but hydrolysis of this to the free amine 
(I; R= R’=NH,) was difficult, probably owing to the extreme insolubility of the com- 
pounds concerned; however, it was found that any unhydrolysed material was easily 
recoverable at the next stage of the synthesis, and could be re-hydrolysed and used again. 
The constitution of (I; R= R’ = NH,) was confirmed by deamination to m : m’-diacetyl- 
azobenzene (I; R= R’ = H), also obtained in a less pure condition by interaction of m- 
nitroso- and m-amino-acetophenone ; the properties of the pure azo-compound are different 
from those of the material for which this structure was claimed by Elbs and Wogrinz 
(loc. cit.). 

The amines (II; R=NH,, R’=H), (1; R=H, R’ = NH, and R= R’ = NH,) could 
not be satisfactorily converted into 4-hydroxycinnolines by diazotisation and cyclisation 
under the usual conditions (cf. Schofield and Simpson, J., 1945, 520, and later papers). 
Diazotisation occurred in hydrochloric or sulphuric acid of various strengths, and further re- 
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action ensued on standing or warming (as shown by the disappearance of the initial coupling 
reaction with @-naphthol), but the products which separated were amorphous, and remained 
so even after attempted conversion into acetyl or 4-chloro-derivatives. However, the use of 
formic acid as diazotisation medium gave satisfactory results, and 4-hydroxy-6-phenylazo- 
cinnoline (IV; R=OH, R’= Ph), 6-m-acetylphenylazo-4-hydroxycinnoline (IV; 
R = OH, R’ = m-C,H,Ac), and 4: 4’-dihydroxy-6 : 6’-azocinnoline (_V; R = OH) were 
thus obtained crystalline, the first two of these compounds being further characterised as 
acetates. 

The three 4-hydroxycinnolines were converted smoothly under carefully defined 
conditions into the corresponding 4-chloro-compounds, from which 4-phenoxy-6-phenylazo- 
cinnoline (IV; R = OPh, R’ = Ph) and 4: 4’-diphenoxy-6 : 6’-azocinnoline (V; R = OPh) 
were prepared by standard methods and were in turn converted into the amino-compounds 
(IV; R= NHg,, R’ = Ph) and (V; R= NH,) by the action of ammonia, phenol, and am- 
monium chloride (cf. Macey and Simpson, preceding paper). 

The transformation of (IV; R= NHg,, R’ = Ph) into 4-amino-6-phenylazocinnoline 
methochloride (VI) was effected by each of the following methods : (a) the base was con- 
verted into the methiodide by reaction with methyl iodide in ethanol, and the salt was 
boiled with an aqueous suspension of silver chloride; (b) the base was acetylated, and the 
product obtained by interaction of the acetyl derivative with methyl toluene-f-sulphonate 
was converted into the methiodide, which was then hydrolysed with dilute hydrochloric 
acid and finally boiled with silver chloride as in (a). The constitution of (VI) follows from 
the identity of the samples obtained by both routes. 
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Application of the above methods of quaternisation to (V; R = NH,) gave unexpected 
results. When the crude dimethiodide was converted into the dimethochloride, two 
products were isolated, which we have designated «- and §-4 : 4’-diamino-6 : 6’-azocinnoline 
dimethochloride. The same two compounds were formed when the base (V ; R = NH,) was 
acetylated and the product was quaternised with methyl] toluene-p-sulphonate and then 
converted by hydrolysis into the diamino-dimethochloride. Analysis of these compounds 
indicates that they are respectively tri- and hemi-hydrates, but their properties suggest 
that the differences between them may be more profound than can be accounted for by 
variations in the degree of hydration. Thus the $-compound is precipitated immediately 
by the addition of a little hydrochloric acid to its aqueous solution, whereas the 2-compound 
is precipitated only slowly and incompletely under these conditions. Further, the com- 
pounds were not interconvertible when crystallised under appropriate conditions, although 
attempts to differentiate them by paper chromatography (Dr. C. M. Atkinson) were in- 
conclusive. 

Biological examination of the compounds, which was carried out by Dr. E. M. Lourie 
and Dr. J. M. Walker in the Department of Pharmacology, Oxford, has shown that they are 
beyond doubt distinct entities. For subcutaneous injection into mice infected with 7. 
congolense, the maximum tolerated dose (M.T.D.) for the a-compound was between 0-25 
and 0-5 mg./20 g., the minimum curative dose (M.C.D.) was between 0-125 and 0-25 mg., 
and the minimum effective dose (M.E.D.) (causing temporary disappearance of trypano- 
somes followed by relapse) was 0-031 mg. The $-compound, on the other hand, was much 
less toxic and much less effective, the corresponding figures being 2—8 (M.T.D.), 2—8 
(M.C.D.), and 0-25 mg. (M.E.D.). The mono-quaternary salt (VI) was inactive, and the 
projected conversion of (IV; R = Cl, R’ = m-C,H,Ac) into the analogue of (VI) was there- 
fore abandoned. 


EXPERIMENTAL 
M. p.s are uncorrected. 


2- A cetamido-5-aminoacetophenone.—2-Acetamido-5-nitroacetophenone was prepared as 
previously described (J., 1945, 646; 1947, 237), nitration of acetophenone in 150-g. batches 
giving 43% of pure m-nitroacetophenone and 40% of crude o-isomer. Reduction of the acet- 
amido-nitro-ketone was effected in two ways. 

(a) A mixture of the compound (5-3 g.), acetic acid (52 c.c.), water (50 c.c.), and iron powder 
(10 g.) was heated on the steam-bath for ca. 1 hour. Dilution with water and extraction with 
ether yielded 2-acetamido-5-aminoacetophenone, which crystallised from alcohol in small yellow 
prisms, m. p. 162—164° (2-5 g., 55%) (Found: C, 62-2; H, 6-2; N, 14-7. C,,H,,0,N, requires 
C, 62-5; H, 6:3; N, 14-6%). Ona larger scale this method gave erratic results. 

(b) The nitro-compound (40 g.) was suspended in ethanol (800 c.c.), mixed with 2% palladium- 
strontium carbonate (4 g.; prepared according to Org. Synth., 26, 77), and reduced at 60° 
with hydrogen maintained at a pressure of 12 atmospheres. Reduction was rapid, and from 
the filtered solution the pure amino-ketone was isolated in 95% yield. 

m-Nitrosoacetophenone.—Powdered potassium persulphate (‘‘AnalaR’”’; 390 g.) and 
concentrated sulphuric acid (435 c.c.) were stirred together, and, after 1 hour, poured on crushed 
ice (ca. 71.) (cf. Meisenheimer and Hesse, Ber., 1919, 52,1161). Potassium carbonate (ca. 1280 g.) 
was added until the solution was neutral to litmus, and the solution was then standardised with 
iodine and thiosulphate. To this neutral Caro’s acid solution (= 72-9 g. of H,SO,) a solution of 
m-aminoacetophenone (35 g.) in the minimum volume of dioxan was quickly added; the mixture 
was shaken, and after 4 hour the solid which had precipitated was collected and crystallised 
from ethanol, yielding crude m-nitrosoacetophenone, m. p. 76—77° (17-1 g.). This was con- 
taminated with 3 : 3’-diacetylazoxybenzene (see below), of which a small quantity, m. p. 136— 
138°, was eventually isolated by continued recrystallisation (Found: C, 67-9; H, 5-0. Calc. 
for C,,H,,0,N,: C, 68-1; H, 5-0%). As the nitroso-compound in the filtrates could not be 
completely purified, and as the crude material was suitable for further use, attempts to obtain 
it in an analytically pure state were abandoned. 

m : m’-Diacetylazoxybenzene.—m-Aminoacetophenone (1 g.) was added to a Caro’s acid 
solution (not neutralised) (200 c.c.; =1-94 g. of H,SO,); the amine first dissolved, and a solid 
(0-52 g., 50%), m. p. 133—135°, slowly separated during 2 days. This on recrystallisation from 
acetic acid and then from ethanol yielded pure m : m’-diacetylazoxybenzene, which formed pale 
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yellow leaflets, m. p. 137—138° (Found : C, 68-2; H, 5-3; N, 9-9. C,,H,,O,N, requires C, 68-1; 
H, 5-0; N, 9-9%). 

p-Nitronitrosobenzene.—A solution of p-nitroaniline (9 g.) in dioxan (50 c.c.) was added to 
neutralised Caro’s acid (2160 c.c. = 16-5g. of H,SO;), and the mixture was shaken for 20 hours. 
The solid product was collected (m. p. 103—105°) and steam-distilled, and the steam-volatile 
material was crystallised from alcohol, giving lemon-yellow needles of p-nitronitrosobenzene 
(2-9 g., 30%), m. p. 117—119° (Bamberger and Hiibner, Ber., 1903, 36, 3803, give m. p. 118-5— 
119°). Crude p: p’-dinitroazoxybenzene (5 g.) remained in the distillation flask, and if the 
distillation was omitted the nitroso-compound could not be completely freed from this material. 

2-A cetamido-5-nitrosoacetophenone.—A slightly warm (supersaturated) solution of 2-acet- 
amido-5-aminoacetophenone (17 g.) in dioxan (250 c.c.) was quickly added to a neutralised 
Caro’s acid solution (3-66 1. = 21-5 g. of H,SO;). The mixture was well shaken for 5 minutes, 
and the solid that separated was collected, washed, dried, and recrystallised from alcohol, from 
which almost pure 2-acetamido-5-nitrosoacetophenone (15-9 g., 87%) separated in green needles, 
m. p. 150—152°. The pure compound had m. p. 152-5—154-5° (Found: C, 57-9; H, 4-7; 
N, 13-4. Cy 9H,O,N, requires C, 58-2; H, 4-9; N, 13-6%). 

If the oxidation was conducted with acid Caro’s acid solution, only about 4 of the weight of 
the material employed had separated after 24 hours, and this was identified (m. p. and mixed 
m. p.) as 2-acetamido-5-nitroacetophenone. 

m-A cetylazobenzene.—(a) A solution of m-aminoacetophenone (33-75 g.) and nitrosobenzene 
(26-75 g.) in acetic acid (250 c.c.) was set aside overnight. The mixture was basified and 
extracted with ether, and the extract was washed with dilute hydrochloric acid, dried, and 
evaporated. Crystallisation of the residue from methanol gave m-acetylazobenzene (31 g., 56%) 
as orange plates, m. p. 88—90° (Found: C, 74:6; H, 5-5; N, 12-8. C,,gH,,ON, requires C, 
75-0; H, 5-4; N, 12-5%). 

(b) Interaction of crude m-nitrosoacetophenone (0-75 g.) and aniline (0-47 g.) in acetic acid 
(5 c.c.) gave the same product, m. p. and mixed m. p. 86—88°. 

Nitration of m-acetylazobenzene was attempted, with fuming or concentrated nitric acid 
with or without sulphuric acid, and with potassium nitrate and sulphuric acid, under various 
conditions, but only unchanged material or intractable products could be isolated. 

m-A cetyl-p’-nitroazobenzene.—Slightly warm solutions of pure p-nitronitrosobenzene (1 g.) 
and m-aminoacetophenone (1 g.) in acetic acid (20 and 10 c.c.) were mixed and left overnight. 
The solid obtained by dilution with water was collected (1-47 g., 83%; m. p. 113—118°) and 
dissolved in a mixture of benzene and ligroin (b. p. 60—80°) (2:1; 60 c.c.). Percolation 
through a small column of alumina (Merck) and washing with benzene gave almost pure 
m-acetyl-p’-nitroazobenzene (m. p. 119—120° after softening at 116°; 1-14 g.), which after 
crystallisation from ethanol and rejection of the (small) first crops formed orange needles, 
m. p. 120—122° (Found: C, 61-5; H, 4-1; N, 15-9. C,,H,,O,N, requires C, 62-4; H, 4-1; 
N, 15-6%). 

3-A cetyl-4-benzamidoazobenzene.—A solution of 5-amino-2-benzamidoacetophenone (5-1 g.; 
Simpson, Atkinson, Schofield, and Stephenson, /J., 1945, 646) in acetic acid (30 c.c.) was treated 
with nitrosobenzene (2-16 g.). The mixture was warmed slightly, immediately cooled, and set 
aside. Next day the 3-acetyl-4-benzamidoazobenzene which had separated was collected (5-58 g., 
82%) and crystallised from methanol, from which the pure compound separated in fine yellow 
needles, m. p. 138—139° (Found: C, 73-1; H, 5-0; N, 12-4. C,,H,,0,N, requires C, 73-4; 
H, 5-0; N, 12-2%). This compound was unattacked by boiling 2N- or 5N-hydrochloric acid, 
and boiling aqueous sulphuric acid (20 and 33% v/v) led to decomposition. Some hydrolysis 
seemingly occurred in presence of alcoholic hydrochloric acid, as ethyl benzoate could be smelt in 
the reaction mixture, but no useful product could be isolated. 

4-Acetamido-3-acetylazobenzene.—(a) Prepared similarly to the above benzamido-analogue 
from 2-acetamido-5-aminoacetophenone (8-31 g.), nitrosobenzene (4-7 g.), and acetic acid 
(44 c.c.), 4-acetamido-3-acetylazobenzene (10-16 g., 84%) crystallised from methanol in orange 
plates, m. p. 132-5—-133° after previous softening (Found: C, 68-4; H, 5-3; N, 15-4. C,.H,,;O,N, 
requires C, 68-3; H, 5-4; N, 14-9%). The yield in this reaction occasionally dropped to 70%, 
but this could not be traced to any variation in the conditions or in the purity of the reagents. 

(b) The condensation, carried out in a similar manner, of 2-acetamido-5-nitrosoacetophenone 
(1-1 mols.) with aniline (1 mol.) gave the azo-compound in almost theoretical yield. 

4-Acetamido-3 : 3’-diacetylazobenzene.—(a) Solutions of 2-acetamido-5-aminoacetophenone 
(19-2 g.) and m-nitrosoacetophenone (14-7 g.) in acetic acid (70 c.c. and 45 c.c.) were mixed, and 
the mildly exothermic reaction was allowed to proceed unchecked. Next day the crude product, 
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m. p. 144—154° (15-65 g., 49%), was collected and recrystallised from methanol, from which 
4-acetamido-3 : 3’-diacetylazobenzene crystallised in yellow needles, m. p. 157-5—159-5° (Found : 
C, 66-95; H, 5-3; N, 13-0. C,,H,,O,N, requires C, 66-9; H, 5-3; N, 13-0%). 

(b) Condensation of m-aminoacetophenone (0-68 g.) with 2-acetamido-5-nitrosoacetophenone 
(1-13 g.) in acetic acid (15 c.c.) gave, after storage overnight, a crude product (1-04 g.) which by 
fractional crystallisation from methanol gave fairly pure 4-acetamido-3 : 3’-diacetylazobenzene, 
m. p. 149—151°, and a small quantity of 4: 4’-diacetamido-3 : 3’-diacetylazoxybenzene; this 
crystallised from benzene in yellow prisms, m. p. 227—230° (Found : C, 60-3; H, 5-1. CyyHgO,N, 
requires C, 60-6; H, 5-1%). 

4: 4’-Diacetamido-3 : 3’-diacetylazobenzene.—A hot solution of 2-acetamido-5-nitrosoaceto- 
phenone (11-3 g.) in acetic acid (110 c.c.) was cooled to 50° and added, before crystallisation set in, 
to a solution of 2-acetamido-5-aminoacetophenone (9-6 g.) in acetic acid (50 c.c.). The mixture 
was shaken for a few minutes until crystallisation of the product commenced, and then left for 
2 days. The almost pure 4: 4’-diacetamido-3 : 3’-diacetylazobenzene [17-9 g., 94%; m. p. 286— 
288° (decomp.)}] that had separated was recrystallised from acetic acid, from which it formed 
purple prisms, m. p. 281—283° (decomp.) (Found: C, 62-4; H, 5-65; N, 14:5. CygH yO N, 
requires C, 63-1; H, 5-3; N, 14-7%). 

3-A cetyl-4-aminoazobenzene.—A mixture of 4-acetamido-3-acetylazobenzene (36-7 g.), 
alcohol (600 c.c.), and 5N-hydrochloric acid (600 c.c.) was heated under reflux with stirring for 
3 hours; the solution was then diluted, basified, and extracted with ether. The extract was 
dried, concentrated, and mixed with ligroin, which precipitated 3-acetyl-4-aminoazobenzene 
(27 g., 87%). The pure base crystallised from cyclohexane in orange needles, m. p. 114° after 
previous softening (Found: C, 69-8; H, 5-2; N, 18-2. C,,H,,ON; requires C, 70-2; H, 5-5; 
N, 17-6%). Deamination was effected by adding, at room temperature, amy] nitrite (0-5 c.c.) 
to a solution of the base (0-5 g.) in ethanol (50 c.c.) and concentrated sulphuric acid (4 c.c.); 
after 3 days in an evacuated desiccator no coupling with alkaline 8-naphthol was observed, and 
the addition of water precipitated m-acetylazobenzene, m. p. and mixed m. p. 86—89° after 
crystallisation from methanol. 

4-Amino-3 : 3’-diacetylazobenzene.—Prepared as above from 4-acetamido-3 : 3’-diacetylazo- 
benzene (25-9 g.), alcohol (900 c.c.) and 5Nn-hydrochloric acid (900 c.c.), crude 4-amino-3 : 3’- 
diacetylazobenzene, m. p. 184—185°, separated in theoretical yield on basification of the diluted 
reaction mixture; it crystallised from alcohol as orange plates, m. p. 189-5—191° (Found: 
C, 68-2; H, 5-5; N, 14-9. C,,H,,O,N, requires C, 68-3; H, 5-4; N, 14-9%). 

3: 3’-Diacetyl-4 : 4’-diaminoazobenzene.—Finely-powdered 4: 4’-diacetamido-3 : 3’-diacetyl- 
azobenzene (35 g.), alcohol (500 c.c.), and concentrated hydrochloric acid (500 c.c.) were heated 
under reflux with stirring for 8 hours. After cooling, the black, finely divided hydrochloride of 
the diamine was collected and shaken with very dilute aqueous ammonia. The suspension of 
the yellow base (19-1 g.) was separated roughly by decantation from a small amount (2-4 g.) of 
unhydrolysed material; it had m. p. 258—261° (decomp.), but could not be recrystallised owing 
to its insolubility in organic solvents. Ona larger scale (60 g.), the proportion of material which 
escaped hydrolysis was greater, but it was found convenient to use the crude product for con- 
version into the hydroxycinnoline (see below) as the diacetamido-compound was readily removed 
after diazotisation of the diamine. 

m : m’-Diacetylazobenzene.—({a) A mixture of 3 : 3’-diacetyl-4 : 4’-diaminoazobenzene (0-3 g.) 
and hypophosphorous acid (30%; 15 c.c.) was cooled to 0°, and a solution of sodium nitrite 
(20%; 0-78 c.c.) was slowly added. Nitrogen was evolved; the mixture was kept overnight, 
and next day the crude product was collected (0-26 g.) and recrystallised from methanol, yielding 
golden needles of m : m’-diacetylazobenzene, m. p. 131—133° (Found: C, 72:1; H, 5-7; N, 10-7. 
C,,H,,0,N, requires C, 72-1; H, 5-3; N, 10-5%). 

(b) m-Nitrosoacetophenone (0-75 g.) and m-aminoacetophenone (0-68 g.) were dissolved in 
slightly warm acetic acid (5 c.c.), whereupon the solution was immediately cooled and left for 
3 hours. The solid (0-6 g.) was collected, and more (0-35 g.) was isolated by ether-extraction 
of the basified filtrate. Recrystallisation from methanol failed to raise the m. p. above 118— 
120°, which was however raised by admixture with the sample prepared as in (a). The low m. p. 
was probably due to contamination of the azo-compound by some azoxy-compound present as an 
impurity in the m-nitrosoacetophenone (Found: C, 71-1; H, 5-2; N, 10-6%). 

(c) When a mixture of m : m’-diacetylazoxybenzene (0-4 g.) and etched iron (1-2 g.) was 
heated for 4 hours at 200—240°/15 mm., a sublimate (0-14 g.) was produced which on crystallis- 
ation from methanol gave impure m : m’-diacetylazobenzene, m. p. 117-5—121° [raised by ad- 
mixture with the sample prepared as in (a)). 
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4-Hydroxy-6-phenylazocinnoline.—A solution of 3-acetyl-4-aminoazobenzene (6-81 g.) in 
formic acid (d 1-2; 85c.c.) was treated at 0° to —3° with powdered sodium nitrite (‘‘ AnalaR "’ ; 
2-27 g.), added slowly with shaking. After 2 days, the reaction was completed by heating the 
mixture to 80° for a short time, and the solid which had separated (4-25 g., 60%) was collected 
and crystallised from acetic acid, giving yellow needles, m. p. 298—300°, of 4-hydroxy-6-phenyl- 
azocinnoline (Found: C, 66-3; H, 4:35; N, 20-9. C,,gH,ON, requires C, 67-2; H, 4:0; N, 
22-4%). The acetate, formed when the hydroxycinnoline was refluxed for a few minutes with 
a large excess of acetic anhydride, separated from acetic acid, ethanol, benzene, or ethyl acetate 
in crystals, m. p. 179—180° (Found: C, 65-4; H, 4-2; N, 19-5. C,,H,,O,N, requires C, 65-7; 
H, 4:1; N, 19-2%). 

6-m-A cetylphenylazo-4-hydroxycinnoline.—A solution of 4-amino-3 : 3’-diacetylazobenzene 
(4 g.) in formic acid (d 1-2; 50 c.c.) was cooled in ice and treated with powdered sodium nitrite 
(‘‘ AnalaR ’’; 1-08 g.), added slowly in portions. After 5 days, the crude 6-m-acetylphenylazo- 
4-hydroxycinnoline (m. p. 264—268°; 2-02 g., 50%) which had separated was collected and re- 
crystallised from acetic acid, from which it formed red needles, m. p. 279—280° (decomp.) 
(Found: C, 64-8; H, 4:15; N, 19-7. C,,H,O,N, requires C, 65-7; H, 4-1; N, 19-2%). The 
acetate, prepared as for the analogue described above, crystallised from ethyl acetate in yellow 
needles, m. p. 178—180° (Found: C, 64-6; H, 4:5; N, 16-0. C,,H,,O,N, requires C, 64-7; 
H, 4-2; N, 168%). 

4: 4’-Dihydroxy-6 : 6’-azocinnoline.—Crude 3: 3’-diacetyl-4 : 4’-diaminoazobenzene (16 g.) 
was dissolved in formic acid (d 1-2; 300 c.c.), and to the intensely violet solution so obtained 
was added, at 0° and with stirring, a 20% solution of sodium nitrite (“‘ AnalaR’’). After 28 c.c. 
(87% of the theoretical amount) had been added, diazotisation was complete, as shown by the 
change in colour to red, and the insoluble material was collected (3-97 g.); this was found to be 
4: 4’-diacetamido-3 : 3’-diacetylazobenzene (see above), and after re-hydrolysis could again be 
used for diazotisation. The filtered solution, on being kept for 10 days, deposited 4: 4’-di- 
hydroxy-6 : 6’-azocinnoline (8-54 g.) as dark red needles; it did not melt at 320°, and was 
completely soluble in dilute sodium hydroxide solution. A further crop (0-37 g.) was obtained 
by warming the filtrate on the steam-bath; the total yield was 52% based on the crude diamine 
(69% allowing for recovered diacetamido-compound). The compound was too insoluble in 
organic solvents to be recrystallised, and could not be obtained crystalline on acidification of a 
solution in sodium hydroxide. When a suspension of it in a large excess of acetic anhydride was 
refluxed for $ hour a product was formed which was insoluble in sodium hydroxide and was 
probably the diacetyl derivative, but it also did not melt at 300° and was too insoluble to be 
recrystallised. 

4-Phenoxy-6-phenylazocinnoline.—4-Hydroxy-6-phenylazocinnoline (7 g.), phosphorus penta- 
chloride (7 g.), and phosphorus oxychloride (42 c.c.) were gently warmed together. A clear 
solution was obtained, which was kept below the b. p. until crystallisation set in, and then 
warmed for a further } hour. The crude 4-chloro-6-phenylazocinnoline was collected (8-63 g.), 
well washed with ligroin, and used for the experiments described below (a sample crystallised 
thrice from ethyl acetate had m. p. 161—162°, clearing at 172°). 

(a) The crude chloro-compound (6-05 g.) was warmed on the steam-bath with a mixture of 
phenol (28 g.) and powdered ammonium carbonate (‘‘ AnalaR’’; 14 g.) until effervescence 
ceased. The solid which was precipitated by the addition of excess of aqueous sodium hydroxide 
was taken up in benzene, the solution was filtered (charcoal), and the benzene was removed. 
Crystallisation of the residue from ethyl acetate gave 4-phenoxy-6-phenylazocinnoline (4-82 g., 
75% based on the hydroxycinnoline) as red needles, m. p. 167—169° (Found: C, 73-3; H, 4-2; 
N, 16-8. Cy 9H,,ON, requires C, 73-6; H, 4-3; N, 16-8%). 

(6) Dry ammonia was bubbled through a warm suspension of the crude chloro-compound 
(0-5 g.) in phenol (10 g.)._ Complete solution occurred, and at 80° a red crystalline solid began to 
separate. The temperature was raised to 120° during 20 minutes and kept thereat for 10 
minutes, after which the reaction mixture was worked up as in (a). The phenoxy-compound 
(0-16 g.) separated from ethyl acetate and had m. p. 164—167° alone and when mixed with the 
sample described above. 

6-m-A cetyl phenylazo-4-chlorocinnoline.—A mixture of 6-m-acetylphenylazo-4-hydroxycinnol- 
ine (2-8 g.), phosphorus oxychloride (23 c.c.), and dimethylaniline (0-25 c.c.) was warmed on the 
steam-bath for 10 minutes (longer heating and/or a higher temperature gave reduced yields) 
and then poured into dry ether (200 c.c.). The solid product was filtered off, washed with ether, 
and mixed thoroughly with ice. The mixture was extracted with chloroform, and the extract 
was washed with very dilute ammonia and water, dried (Na,SO,), filtered (charcoal), and evapor- 
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ated to dryness. Crystallisation of the residue from benzene gave 6-m-acetylphenylazo-4-chloro- 
cinnoline (2-27 g., 76%) as orange needles, m. p. 194—196° (Found: C, 63-0; H, 3-9; N, 16-8; 
Cl, 12-0. C,,H,,ON,Cl requires C, 61-8; H, 3-6; N, 18-0; Cl, 11-4%). 

4: 4’-Diphenoxy-6 : 6’-azocinnoline.—The following procedure was the outcome of numerous 
trials in which the chlorination of the hydroxycinnoline was investigated, with use of a mixture 
of phosphorus pentachloride and oxychloride, or of phosphorus oxychloride and dimethylaniline, 
at 50°, 95°, and at the b. p., for various times; the product from each set of conditions was 
phenoxylated both with phenol and ammonium carbonate at 95°, and with phenol and potassium 
hydroxide at 90° and at 110°. 

A mixture of 4: 4’-dihydroxy-6 : 6’-azocinnoline (5 g.), phosphorus pentachloride (10 g.), 
and phosphorus oxychloride (50 c.c.) was heated on the steam-bath for } hour; the temperature 
was then raised to the b. p. during } hour, and refluxing was continued for a further } hour. 
After cooling, the crude dichloro-compcund (5-3 g.), which did not melt at 300° and could not be 
recrystallised, was precipitated by the addition of ligroin and collected. It was added to a 
solution of potassium hydroxide (2-1 g.) in phenol (60 g.); the mixture was heated at 90° for 
35 minutes and then poured into iced 5% sodium hydroxide solution (850 c.c.). The resultant 
suspension was centrifuged, suspended in water, and again centrifuged, and the solid was then 
dried (5-78 g.) and extracted with much hot benzene. The insoluble matter (2-04 g.) was dis- 
carded, and the filtered solution deposited nearly pure 4 : 4’-diphenoxy-6 : 6’-azocinnoline [m. p. 
251—254° (decomp.); 3-53 g., 48% based on the dihydroxycinnoline}; the pure compound on 
recrystallisation from benzene formed orange-red needles, m. p. 254—258° (decomp.) (Found : 
C, 71-8; H, 4-5; N, 17-4. C,,H,,O,N, requires C, 71-5; H, 3-9; N, 17-9%). 

4-A mino-6-phenylazocinnoline.—Dry ammonia was passed for } hour into a mixture of 
4-phenoxy-6-phenylazocinnoline (2-6 g.), ammonium chloride (‘‘ AnalaR ’’; 0-42 g.), and phenol 
(22 g.) at 175°. The mixture was cooled, treated with an excess of dilute sodium hydroxide 
solution, and shaken with ether and benzene. The suspension of organic matter in the ether-— 
benzene was washed with water, and the solid was then collected and dissolved in 50% acetic 
acid. Basification of the clarified acid solution with ammonia gave 4-amino-6-phenylazocinnoline 
(1-7 g., 85%), m. p. 300—301° (decomp.), unchanged by recrystallisation from 2-ethoxyethanol, 
from which the compound separated in small golden needles (Found : C, 67-0; H, 4-7; N, 26-7. 
C,,H,,N,; requires C, 67-4; H, 4:45; N, 281%). The hydrochloride (Found: Cl, 13-3. 
C,,H,,N,Cl requires Cl, 12-4%) formed golden fibrous needles which decomposed at 275—280° 
with previous darkening, and was soluble in water but insoluble in very dilute hydrochloric acid. 

4-A cetamido-6-phenylazocinnoline.—Prepared by refluxing the amine (1 g.) with acetic 
anhydride (20 c.c.) for 5 minutes, 4-acetamido-6-phenylazocinnoline (0-98 g., 84%) crystallised 
from 2-ethoxyethanol in dark red leaflets, m. p. 271—275° (decomp.) (Found: C, 65-5; H, 4-5; 
N, 24:35. C,,H,,ON, requires C, 66-0; H, 4-5; N, 24-05%). 

4: 4’-Diamino-6 : 6’-azocinnoline.—Dry ammonia was passed through a mixture of 4: 4’- 
diphenoxy-6 : 6’-azocinnoline (6 g.), powdered ammonium chloride (1-37 g.), and phenol (100 g.), 
the temperature being gradually raised. At 160° a clear solution was formed, and at 175° a 
solid began to separate. After 1 hour at this temperature the mixture was cooled and diluted 
with ether, and the solid was collected. Crystallisation from a mixture of acetic acid (700 c.c.), 
water (350 c.c.), and 10N-hydrochloric acid (30 c.c.) gave 4 : 4’-diamino-6 : 6’-azocinnoline dihydro- 
chloride as fine red needles which did not melt at 320° (Found: C, 45-0; H, 4:2; N, 26-65. 
C,,.H,,N,Cl,,2H,O requires C, 45-15; H, 4-3; N, 26-35%). The salt was insoluble in water, 
and was decomposed by shaking it for 16 hours with N-sodium hydroxide (200 c.c.) (the complete- 
ness of the reaction was proved by titration of the chloride after filtration), yielding 4: 4’- 
diamino-6 : 6’-azocinnoline (3-35 g., 83%) as fine red needles which did not melt at 320° and could 
not be crystallised owing to insolubility (Found: C, 56-8; H, 4-7; N, 31-6. C,,H,.N,,1-5H,O 
requires C, 56-0; H, 4-4; N, 32-6%). 

4-Amino-6-phenylazocinnoline Methochloride.—4-Amino-6-phenylazocinnoline methiodide 
was first prepared by each of the following methods. 

(a) 4-Amino-6-phenylazocinnoline (0-48 g.), methyl iodide (3-5 c.c.), and ethanol (10 c.c.) 
were refluxed together for 6 hours, and the alcohol-insoluble methiodide collected; it had 
m. p. 253—255° (decomp.) (0-65 g., 87%). 

(b) The amine (0-1 g.), methyl iodide (0-5 c.c.), and phenol (2 g.) were warmed under reflux 
on the steam-bath for 2 hours; a further 0-3 c.c. of methyl iodide was then added, and heating 
continued for a further 3 hours. Addition of ether gave the methiodide (0-08 g.), m. p. 251— 
253° (decomp.) alone and when mixed with the sample from (a). 

(c) 4-Acetamido-6-phenylazocinnoline (0-86 g.) and methyl toluene-p-sulphonate (4-3 g.) 
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were heated together until a clear solution was formed; this occurred at 110°, and after a further 
5 minutes at this temperature the melt was cooled and triturated with dry ether. The 4- 
acetamido-6-phenylazocinnoline methotoluene-p-sulphonate was collected (1-35 g., 96%) and 
crystallised from alcohol-ether, from which it formed reddish needles which decomposed at 
188—192°. Treatment of an aqueous solution of this salt (1-91 g. in 300 c.c.) with aqueous 
potassium iodide precipitated the corresponding methiodide [small red needles from water; 
m. p. 195—197° (decomp.); 1-46 g., 85%], which (1-35 g.) was boiled under reflux with 0-5N- 
hydrochloric acid (70 c.c.) for 1} hours; the solution was filtered (charcoal), and on cooling 
deposited the methiodide of the amino-cinnoline (0-71 g., 58%), m. p. 243—246° (decomp.) 
alone or when mixed with the sample prepared by method (5). 

The methiodide could not be obtained crystalline by any of the above methods. An aqueous 
solution of sample (a) was boiled under reflux with excess of silver chloride for 14 hours; the 
silver halides were removed, and the filtrate concentrated under reduced pressure to small bulk, 
yielding 4-amino-6-phenylazocinnoline methochloride, which on crystallisation from aqueous 
acetone and finally from very dilute hydrochloric acid formed fibrous yellow needles, m. p. 
250—255° (decomp.) (Found: C, 59-7; H, 4:6; N, 23-5; Cl, 11-7. C,,;H,gN,;Cl requires C, 
60-0; H, 4-7; N, 23-4; Cl, 11-8%). A sample of the methiodide prepared by method (c) was 
similarly treated, and yielded golden needles, m. p. 252—254° (decomp.) alone and in admixture 
with the above material. 

Preparation of a- and 8-4: 4’-Diamino-6 : 6’-azocinnoline Dimethochloride.—(A) 4: 4’- 
Diamino-6 : 6’-azocinnoline (1-45 g.), phenol (50 g.), and methyl iodide (initially 10 c.c., followed 
by additions of 5c.c. and 3 c.c. after successive intervals of 1 hour) were mixed and heated on the 
steam-bath for 4 hours, a dark red solution being formed from which solid gradually separated. 
The cold reaction mixture was poured into dry ether and the crude dimethiodide (2-7 g., 98%) 
collected as an amorphous dark red solid, m. p. 284—288° (decomp.), which could not be 
crystallised. It was dissolved in approximately 0-05N-hydrochloric acid (1350 c.c.), silver 
chloride (from 300 c.c. of 0-1N-silver nitrate) was added, and the whole was refluxed for 2 hours. 
Concentration (reduced pressure) of the filtered solution to 180 c.c. gave the crude dimetho- 
chloride [1-46 g., 80%; m. p. 282—288° (decomp.)}, which was dissolved in water (150 c.c.) 
and treated whilst hot with 10N-hydrochloric acid (1 c.c.). The $-compound thus precipitated 
was removed [0-15 g.; m. p. 312—314° (decomp.) alone and mixed with authentic material 
(see below)], and from the cold filtrate there separated «-4 : 4’-diamino-6 : 6’-azocinnoline di- 
methochloride (1-2 g.) as fine golden-brown needles, m. p. 282—-285° (decomp.) (Found: C, 45-9; 
H, 4-5; N, 24-2; Cl, 15-1. C,,H,,N,Cl,,3H,O requires C, 45-9; H, 5-1; N, 23-8; Cl, 15-1%). 

(B) 4: 4’-Diamino-6 : 6’-azocinnoline (2 g.) was refluxed with acetic anhydride (50 c.c.) 
for 4 hour. During this time the red crystals of the diamine changed to an ochre-coloured 
amorphous solid, which was collected after cooling and well washed with dry ether (yield, 2-24 g., 
89%); it had m. p. 231—239° (decomp.) after previous darkening and could not be crystallised 
owing to its insolubility in chlorobenzene, 2-ethoxyethanol, and other usual solvents. An 
intimate mixture of this diacetyl derivative (2-1 g.) and methyl toluene-p-sulphonate (9-6 g.) 
was heated until the suspension thickened (115—120°). After 10 minutes at 120—125° the mass 
was cooled and triturated with dry ether and the dimethotoluene-p-sulphonate collected as an 
amorphous solid (4 g., 99%) which could not be crystallised. It was converted into the diamino- 
dimethochloride by each of the two following methods. 

(i) A solution of the salt (1-3 g.) in hot water (50 c.c.) was clarified (charcoal) and heated 
under reflux for 3 hours with 10N-hydrochloric acid (1 c.c.)._ The solution after filtration from a 
trace of insoluble material slowly deposited lustrous golden-brown cubes, m. p. 280—284° 
(decomp.) (0-52 g.), which consisted of 4: 4’-diamino-6 : 6’-azocinnoline dimethotoluene-p- 
sulphonate contaminated with some dimethochloride (Found: C, 55-4; H, 4:6; N, 17-8; 
S, 8-3. Calc. for C,,H3,0,N,S,: C, 55-8; H, 4:7; N, 16-3; S, 9-3. Calc. for 4C,,H;,0,N,S, + 
C,,H,,N,Cl,: C, 55-3; H, 4-6; N, 17-7; S, 8-1%). <A solution of this material (0-45 g.) in hot 
water (25 c.c.) was treated with 10N-hydrochloric acid (10 c.c.), whereby 8-4 : 4’-diamino-6 : 6’- 
azocinnoline dimethochloride was quickly precipitated in purplish needles (0-2 g.), m. p. 312—314° 
(decomp.) (Found: C, 50-7; H, 4-55; N, 25-2; Cl, 16-5. C,gH,,N,Cl,,4H,O requires C, 50-7; 
H, 4-5; N, 26-3; Cl, 16-6%). The filtrate from the 8-compound, when kept, deposited crystals 
which, after crystallisation from very dilute hydrochloric acid, yielded the «-isomer, m. p. 279— 
281° (decomp.) alone and when mixed with the sample previously described. 

(ii) A clarified (charcoal) solution of the diacetamidoazocinnoline dimethotoluene-p-sul- 
phonate (1 g.) in water (50 c.c.) was treated in the cold with a concentrated aqueous solution of 
sodium iodide (10 c.c.), whereupon the dimethiodide separated in small, dark violet crystals, 
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m. p. 284—287° (decomp.) (0-7 g., 80%). This salt (0-5 g.) was refluxed in 0-5Nn-hydrochloric 
acid (100 c.c.) for 1 hour, and the product which separated on cooling [0-21 g., m. p. 298—302° 
(decomp.)] was dissolved in 0-1N-hydrochloric acid (50 c.c.) and heated under reflux for 14 hours 
with silver chloride (from 30 c.c. of 0-1N-silver nitrate). The filtered solution deposited crystals 
of almost pure 8-compound (0-1 g.), which after recrystallisation from water (crystallisation 
being induced by a drop of 10N-hydrochloric acid) had m. p. 312—314° (decomp.) alone and when 
mixed with the specimen described above. 


MEDICAL RESEARCH COUNCIL, GROUP FOR RESEARCH IN CHEMOTHERAPY, 
DEPARTMENT OF ORGANIC CHEMISTRY, 
THE UNIVERSITY, MANCHESTER. (Received, December 11th, 1951.) 


494. Cinnolines and Other Heterocyclic Types in Relation to the Chemo- 
therapy of Trypanosomiasis. Part V.* Quaternary Salts of 4: 4’- 
Bismethylamino-6 : 6’ -azocinnoline. 


By J. McIntyre and (the late) J. C. E. Simpson. 


The preparation of 4: 4’-bismethylamino-6 : 6’-azocinnoline and _ its 
reaction with methyl iodide are described. Conversion of the crude bis- 
methiodide into the bismethochloride gives two products, the properties of 
which indicate that they are hydrates of two isomeric dimethochlorides. 
Both salts show trypanocidal properties against 7. congolense infections in 
mice, but differ in the extent of their action, only one of them being curative. 


DuRING a study of the action of quaternising agents on 4-amino-6-nitrocinnoline (Atkinson, 
forthcoming publication), 4-methylamino-6-nitrocinnoline methiodide (I) was prepared. 
Biological examination of this salt by Dr. E. M. Lourie and Dr. J. M. Walker in the Depart- 
ment of Pharmacology, Oxford, showed that it exerts a curative action against T. congo- 
lense infections in mice. Consideration of this fact in the light of the hypothesis discussed 
in Part I of this series suggested that the activity might be a property, not of the salt 
itself, but of a biscinnolinium derivative such as the azo-salt (II) (cf. Part I, p. 2595), which 
might be formed from (I) by reduction im vivo. The preparation of (II) from 4: 4’-di- 
phenoxy-6 : 6’-azocinnoline (McIntyre and Simpson, Part IV *) was therefore undertaken. 


MeHN NHMe 
eyo t ta ae 
Nw’ \7 WV wn 
Me 2x- Me 

Treatment of the diphenoxy-compound with methylamine at 135° in the presence of 
phenol and ammonium chloride (cf. Macey and Simpson, J., 1952, 2602) readily yielded 
4: 4’-bismethylamino-6 : 6’-azocinnoline, which with methyl iodide in the presence of phenol 
gave a crude bisquaternary iodide in theoretical yield. Conversion of this material into 
the dimethochloride, however, gave two products which we have designated a- and 6-4 : 4’- 
bismethylamino-6 : 6’-azocinnoline dimethochloride. 

The formation of these two salts recalls the behaviour of the diamino-analogue in the 
same reaction (McIntyre and Simpson, Joc. cit.); in each case the more soluble «a-salt 
crystallises as a trihydrate, precipitated slowly and incompletely from very dilute hydro- 
chloric acid, whereas the less soluble $-salt forms a hemi- (amino-series) or mono- (methyl- 
amino-series) hydrate which is precipitated immediately by very dilute hydrochloric 
acid. Dr. Lourie and Dr. Walker find that the «-compound cures T. congolense infections 
in mice, the M.T.D. and M.C.D. being 0-5—1-0 and 0-25 mg./20 g., respectively, but that 
the $-compound, although possessing some trypanocidal action (M.E.D. about 0-25), is 


* Part IV, preceding paper. 
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not curative at the maximum tolerated dose (M.T.D. 1—2 mg./20 g.). The marked 
difference between the trypanocida: powers of the two compounds is a further analogy 
between them and their amino-analo; \\2s (loc. cit.), and indicates that, like the latter, they 
are hydrates of isomers and not of the same entity. 


EXPERIMENTAL 
M. p.s are uncorrected. 

4: 4’-Bismethylamino-6 : 6’-azocinnoline.—Dry methylamine was passed at 90° (bath- 
temp.) into a mixture of 4: 4’-diphenoxy-6 : 6’-azocinnoline (5-78 g.), ammonium chloride 
(1-33 g.), and phenol (100 g.). When the temperature was slowly raised, a clear solution was 
first formed, followed (at 125°) by the separation of a solid product. After 40 minutes at 
135° with continuous passage of methylamine, the mass was cooled and diluted with ether. 
The solid product was collected, repeatedly digested with ether, and dissolved in acetic acid 
(500 c.c.). The hot solution, was treated with 10N-hydrochloric acid (50 c.c.), whereupon 
4 : 4’-bismethylamino-6 : 6’-azocinnoline dihydrochloride separated (3-67 g., 71%); the salt 
formed small orange-red needles, m. p. >320°, on recrystallisation from dilute hydrochloric acid 
(Found : C, 48-9; H, 4-65; N, 26-5; Cl, 16-2. C,,H,,N,,2HCl, H,O requires C, 49-6; H, 4-6; 
N, 25:7; Cl, 163%). The free base, obtained by shaking the dihydrochloride with N-sodium 
hydroxide, was a scarlet solid, m. p. >320°, which was insoluble in water and common organic 
solvents (Found: C, 60-9; H, 4-4; N, 31-2. C,,H,,H,,}H,O requires C, 61-2; H, 4:8; N, 
31-7%). 

a- and §-4: 4’-Bismethylamino-6 : 6’-azocinnoline Dimethochloride.—A mixture of the fore- 
going base (1-92 g.) and phenol (40 g.) was heated on the steam-bath under reflux with methy] 
iodide (6 c.c.), a further 4 c.c. being added after 1 hour. After a total of 3 hours, the mixture 
was poured into dry ether, and the crude solid dimethiodide was collected and well washed 
with ether; it (3-8 g., 100%) had m. p. 274—278° (decomp.), and was soluble in, but not 
recrystallisable from, water. A stirred solution of the salt (3-8 g.) in hot water (1000 c.c.) 
containing 10N-hydrochloric acid (2 drops) was boiled under reflux for 1} hours with silver 
chloride (from 500 c.c. of 0-1N-silver nitrate). Evaporation of the filtered solution under 
reduced pressure to ca. 250 c.c. and addition of 10N-hydrochloric acid (3 c.c.) gave crude 
8-4 : 4’-bismethylamino-6 : 6’-azocinnoline dimethochloride (1-35 g., 50%), m. p. 281—288° (de- 
comp.), which after recrystallisation from water (35 c.c.) containing 10N-hydrochloric acid 
(1 drop) formed minute brown-red needles, m. p. 291—294° (decomp.) (Found: C, 52-2; 
H, 5-4; N, 22-6; Cl, 14:3. C,,H,.N,Cl,,H,O requires C, 51-8; H, 5-2; N, 242; Cl, 15-3%). 
The filtrate from the crude salt was evaporated further and treated with acetone, whereupon 
crude a-4: 4’-bismethylamino-6 : 6’-azocinnoline dimethochloride (0-7 g., 27%) separated as a 
brown amorphous solid, m. p. 291—297° (decomp.); after crystallisation from a mixture of 
5Nn-hydrochloric acid and acetone it formed fine brown needles, m. p. 296—300° (decomp.) 
(Found: C, 48-7; H, 52; N, 22-4; Cl, 14-2. C,,H,..N,Cl,,3H,O requires C, 48-3; H, 5-6; 
N, 22-4; Cl, 14-2%). 


MEDICAL RESEARCH COUNCIL, GROUP FOR RESEARCH IN CHEMOTHERAPY, 
THE UNIVERSITY, MANCHESTER. (Received, December 11th, 1951.) 
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495. Cinnolines and Other Heterocyclic Types in Relation to the Chemo- 
therapy of Trypanosomiasis. Part VI.* Synthesis of Quaternary 
Salts of Dicinnolyl- and Diquinolyl-ureas, -thioureas, and -guanidines. 

By J. S. Morey and (the late) J. C. E. Smmpson. 


The hypothesis that structures consisting of two quaternised amino- 
heterocyclic units joined by a linking group are likely to exhibit trypanocidal 
properties has been further explored by the synthesis of a series of 
compounds in which two quaternised cinnoline or quinoline nuclei are joined 
by urea, thiourea, and guanidine linkages. No activity against T. congolense 
infections in mice is shown by quaternary salts containing a thiourea residue 
or by cinnoline compounds containing a 3-methyl substituent, but N1N°*-di- 
(4-amino-6-cinnolyl)guanidine dimethiodide is highly active and exhibits a 
chemotherapeutic index of the same order as that of ‘‘ Antrycide.”’ 


FOLLOWING our conception that the principal structural features of a possible new class 
of trypanocidal compound may be represented by the general formula (1) (Keneford, 
Lourie, Morley, Simpson, Williamson, and Wright, Nature, 1948, 161, 603; Part I, J., 1952, 
2595) and our investigation of azo-compounds (Y = *N:N-) (preceding papers) we now 
describe the synthesis of a series of compounds in which pairs of quinoline, cinnoline, and 
3-methylcinnoline units are joined by urea, thiourea, and guanidine residues. 

The choice of these linking groups was determined by a number of factors, of which the 
most important from the practical aspect was the wish to introduce the linkage at the 
latest possible stage in the synthesis; we thus hoped to minimise the manipulative 
difficulties which, from experience with the azoquinolines and azocinnolines (loc. cit.), are 
seemingly associated with ‘‘ double-ended ’’ heterocyclic molecules of this type. The 
methods employed in the present work involved the condensation of 4 : 6-diamino-quinoline, 
-cinnoline, and -3-methylcinnoline, or their quaternary salts, with carbonyl chloride or 
thiocarbonyl chloride. It was expected that the 4-amino-group in these compounds would 
escape reaction, and trial experiments with thiocarbony] chloride and 4-aminoquinoline or 
its methochloride confirmed this. 


n/* as : 
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Treatment of two molecular proportions of the appropriate base with one of thio- 
carbonyl] chloride in boiling aqueous acetone yielded NN’-di-(4-amino-6-quinoly])- (IV; 
Y = NH‘CS‘NH), NN’-di-(4-amino-6-cinnolyl)- (V; R=H, Y= NH-CS:NH), and 
NN’-di-(4-amino-3-methyl-6-cinnolyl)-thiourea (V; R= Me, Y = NH°CS:NH) as hydro- 
chiorides. These salts and the free bases were somewhat unstable, showing a tendency to 
evolve hydrogen sulphide in warm aqueous solution, and methanethiol was evolved when 
(IV; Y = NH-CS:NH) and methyl toluene-f-sulphonate were heated at 140°. Inter- 
action between equimolecular proportions of thiocarbonyl chloride and 4 : 6-diamino- 
quinoline likewise gave (IV; Y = NH-CS:NH) as main product, but a small amount of 
4-amino-6-quinolyl isothiocyanate (VI; R=-NCS) was also formed, identified by 
conversion into (IV; Y=-*NH°CS*‘NH) on fusion with 4: 6-diaminoquinoline. 
Desulphurisation of these dihydrochlorides by means of methanolic ammonia and mercuric 


* Part V, preceding paper. 
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oxide furnished the corresponding guanidines [IV; Y = NH°C(:NH)-NH] and [V; R=H 
and Me, Y = NH-C(:NH)-NH], isolated as trihydrochlorides. The free bases were readily 
converted into the dimethiodides [II; X = I, Y = NH-C(‘NH):NH] and [III; R = H and 
Me, X = I, Y = NH’C(:NH):NH], by reaction with methyl iodide in boiling methanol or 
ethanol. The quinoline quaternary salt was isolated directly, but the primary products 
from the two dicinnolylguanidines appeared to be quaternary salt complexes containing 
two and one extra molecules respectively of methyl iodide which dissociated in aqueous 
solution and yielded the normal dimethiodides. 

NN’-Di-(4-amino-6-quinolyl)thiourea dimethiodide (II; X = I, Y = NH*CS*NH) was 
prepared from 4: 6-diaminoquinoline methiodide (2 mols.) and thiocarbonyl chloride 
(1 mol.) in boiling aqueous acetone, but similar treatment of 4 : 6-diaminocinnoline 
methiodide gave the thiourea dimethochloride (III; R =H, X = Cl, Y = NH°CS:NH); 
this salt underwent hydrolysis during attempted conversion into the dimethiodide, and 
4 : 6-diaminocinnoline methiodide was recovered in 70% yield. The 3-methyl analogue 
(III; R= Me, X = Cl, Y = NH-CS:NH) was prepared from 4 : 6-diamino-3-methyl- 
cinnoline methochloride and thiocarbony] chloride in boiling aqueous acetone. 

Condensation of the same three bicyclic quaternary salts with carbonyl chloride in 
aqueous acetone gave, respectively, NN’-di-(4-amino-6-quinolyl)urea dimethiodide (II; 
X =I, Y = NH-CO-NH), NN’-di-(4-amino-6-cinnolyl)urea dimethochloride (III; R= 
H, X = Cl, Y = NH°CO*NH), and NN’-di-(4-amino-3-methyl-6-cinnolyl)urea dimetho- 
chloride (III; R = Me, X = Cl, Y = NH*CO-NH); the first two reactions were notably 
more vigorous than those with thiocarbony] chloride, but that with 4 : 6-diamino-3-methyl- 
cinnoline methochloride was sluggish, and buffering with sodium acetate was necessary. 
The quinoline salt (II; X = I, Y = NH*CO-NH) was also prepared by direct quaternisation 
of the urea base (IV; Y = NH-°CO-NH). This base was obtained from 4 : 6-diamino- 
quinoline by condensation with carbonyl chloride and also by fusion with urea; a by- 
product in the latter reaction was 4-amino-6-quinolylurea (VI; R = NH-CO-NH,), which 
on fusion with 4: 6-diaminoquinoline was converted into the diquinolylurea (IV; Y = 
NH-CO-NH). 

The biological activity of the quaternary salts of types (II) and (III) has been examined 
in the Department of Pharmacology, Oxford, by Dr. E. M. Lourie and Dr. J. M. Walker. 
The results are described elsewhere (Lourie, Morley, Simpson, and Walker, Brit. J. 
Pharmacol., 1951, 6, 643), but are summarised here. They were obtained by subcutaneous 
injection of aqueous solutions into mice infected with T. congolense. The three thiourea 
compounds were inactive, as also were the guanidine salts containing quinoline and 
3-methylcinnoline rings and the 3-methylcinnoline urea salt. Temporary clearance of the 
blood from trypanosomes, followed by relapse, was observed with the quinoline and 
cinnoline urea salts. The guanidinocinnoline salt (which we designate for convenience as 
“* 528 ’’), on the other hand, showed considerable activity. On a weight-for-weight basis, 
‘528’ is both less active and less toxic than antrycide methyl sulphate, but the chemo- 
therapeutic indices (LD,9/CDg9) of the two drugs are very similar, viz., 11-6 and 12-5 
respectively. 

The apparent dystherapeutic effect of a 3-methyl group in the cinnoline nucleus is 
noteworthy in view of the potentiating action against trypanosome infections of a 2-methyl 
group in certain “‘ double-ended,’’ but unquaternised, quinoline compounds (Jensch, 
Annalen, 1950, 568, 73). 


EXPERIMENTAL 


M. p.s are uncorrected. 

Attempted Condensation of 4-Aminoquinoline and its Methochloride with Thiocarbonyl 
Chloride.—Treatment of a solution of 4-aminoquinoline in dilute hydrochloric acid with 
thiocarbonyl chloride at room temperature led to an 80% recovery of the base; in water alone 
an obscure reaction occurred, and only 15% of unchanged base could then be isolated. Treat- 
ment of a solution of 4-aminoquinoline methochloride in aqueous acetone with thiocarbonyl 
chloride, at room temperature or at the b. p., gave a quantitative yield of unchanged salt. 

NN’-Di-(4-amino-6-quinolyl)thiourea.—(a) Thiocarbonyl chloride (1-3 c.c.) was added in 
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one portion at room temperature to a solution of 4 : 6-diaminoquinoline (5 g.) in 50% aqueous 
acetone (200 c.c.), and the mixture was refluxed gently for } hour. The hydrochloride of the 
diquinolylthiourea which separated in colourless needles was collected (5-9 g.; decomposing 
sharply at 255° and then melting gradually up to 290°) and converted into the free base by 
addition of ammonia to a cold solution of the salt in 50% aqueous methanol or 50% aqueous 
pyridine. NN’-Di-(4-amino-6-quinolyl)thiourea separated from these solvents in pale yellow 
needles, which decomposed at 200—202° and then melted at 220-—235°; the base was insoluble 
in dilute sodium hydroxide (Found: C, 58-65; H, 5-2; S, 8-6. C,H,,N,S,1-5H,O requires 
C, 58-9; H, 4-95; S, 83%). 

(6) A mixture of 4: 6-diaminoquinoline (1 g.), water (10 c.c.), concentrated hydrochloric 
acid (0-63 c.c.), and thiocarbonyl chloride (0-5 c.c.) was stirred for 4 hour at room temperature, 
after which the diquinolylthiourea hydrochloride which had separated was collected (0-82 g.). 
Basification of the filtrate with sodium hydroxide gave a solid (0-32 g., m. p. 255—257°) which 
after recrystallisation from benzene and aqueous ethanol furnished pale orange-yellow needles 
(0-11 g.) of 4-amino-6-quinolyl isothiocyanate, decomposing at 270—275° (Found: C, 60-1; H, 
3-5; N, 21-0; S, 15-5. C,H,N,S requires C, 59-7; H, 3-5; N, 20-9; S, 159%). Fusion of 
this base with 4 : 6-diaminoquinoline and crystallisation of the product from aqueous pyridine 
gave NN’-di-(4-amino-6-quinolyl)thiourea. 

NN’-Di-(4-amino-6-cinnolyl)thiourea.—A solution of 4: 6-diaminocinnoline (10 g.) in 50% 
aqueous acetone (200 c.c.) was refluxed with thiocarbonyl chloride (2-9 c.c.) for 4 hour; the 
NN’-di-(4-amino-6-cinnolyl)thiourea dihydrochloride (13 g.) which separated was collected, 
washed with 50% aqueous acetone, and dried in a vacuum (Found: C, 45°85; H, 4:2; Cl, 16-2; 
S, 6-2. C,,H,,N,S,2HCI,H,O requires C, 45-05; H, 4:0; Cl, 15-65; S, 7-:05%). The salt 
decomposed at 240—245° and then melted up to 270°; its solution in warm water evolved 
hydrogen sulphide freely, and it could not be recrystallised owing to this instability. 

NN’-Di-(4-amino-3-methyl-6-cinnolyl)thiourea.—(a) A mixture of 4: 6-diamino-3-methyl- 
cinnoline hydrochloride (5 g.), 50% aqueous acetone (200 c.c.), and thiocarbonyl chloride 
(1-25 c.c.) was refluxed with mechanical stirring for l hour. The almost pure NN’-di-(4-amino-3- 
methyl-6-cinnolyl)thiourea dihydrochloride that had separated was collected (4 g.) and 
recrystallised by adding a little concentrated hydrochloric acid to a solution of the salt in tepid 
aqueous acetic acid; the pure salt formed a slightly gelatinous mass of yellow needles, m. p. 290° 
(decomp.) (Found: C, 48-95; H, 4-15; Cl, 15-65. C,,H,,N,S,2HCI requires C, 49-2; H, 4-35; 
Cl, 15:-3%). The salt is more stable than the analogue described above, but some hydrogen 
sulphide is evolved when its aqueous solution is heated. The free base, obtained as a gelatinous 
yellow mass by addition of excess of aqueous ammonia to a solution in cold aqueous acetic acid, 
is soluble in dilute sodium hydroxide. 

(b) The hydrochloride (0-55 g.) was also obtained by refluxing, for } hour, of a mixture of 
4 : 6-diamino-3-methylcinnoline (1 g.), 50% aqueous acetone (150 c.c.), and thiocarbonyl 
chloride (0-25 c.c.), followed by the addition of concentrated hydrochloric acid (25 c.c.). 

N1N3-Di-(4-amino-6-quinolyl)guanidine.—A solution of the thiourea hydrochloride (4 g.) in 
methanolic ammonia (12% w/v; 250 c.c.) was stirred with yellow mercuric oxide (5 g.) for 2 hours 
at 35—40° under a reflux condenser. Excess of 2N-hydrochloric acid was then added, followed 
by aqueous sodium hydrogen sulphide, and the warm suspension was filtered. The filtrate 
deposited N1N°-di-(4-amino-6-quinolyl)guanidine trihydrochloride (2-7 g.); this crystallised from 
N-hydrochloric acid in colourless needles which effervesced and became orange at 295° and 
decomposed above 315° (Found: C, 45-4; H, 5-25; N, 18-9; Cl, 22-0. C,,H,,N,,3HCI1,3H,O 
requires C, 45-0; H, 5-2; N, 19-3; Cl, 210%). Treatment with cold sodium hydroxide gave 
the free base as a pale yellow granular solid, sparingly soluble in hot water, which effervesced 
sharply at 250° and then melted up to 260°. 

N!N3-Di-(4-amino-6-cinnolyl)guanidine.—Finely powdered NN’-di-(4-amino-6-cinnoly])thio- 
urea dihydrochloride (5 g.; added during 10 minutes), yellow mercuric oxide (5 g.), and 
methanolic ammonia (12% w/v; 200 c.c.) were stirred together for 1} hours at 20°. 
The solid product was collected and digested with boiling N-hydrochloric acid (3 x 50 c.c.) 
and once with water (50 c.c.). The extracts were treated with hydrogen sulphide whilst hot 
and filtered from mercuric sulphide, and the dicinnolylguanidine trihydrochloride (3-5 g.) which 
separated on cooling was dissolved in water and basified with sodium hydroxide, giving N!N?*- 
di-(4-amino-6-cinnolyl)guanidine; this crystallised, when ammonia was added to a solution 
of it in alcoholic acetic acid, as a gelatinous mass of yellow needles which effervesced and 
became red at 245—250° and melted with decomposition on further heating (Found: C, 50-8; 
H, 5-3; N, 29-4. C,,;H,,N,,3H,O requires C, 51-1; H, 5-3; N, 31-56%). The trihydrochloride, 
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prepared from the base and 2N-hydrochloric acid, formed colourless needles, m. p. 335° 
(decomp.), from aqueous acetone (Found : C, 45-1; H, 4-4; N, 27-4; Cl, 22-9. C,,H,,N,,3HCI 
requires C, 44-9; H, 4-0; N, 27-7; Cl, 23-4%). 

N!N3-Di-(4-amino-3-methyl-6-cinnolyl)guanidine.—Finely powdered NN’-di-(4-amino-3- 
methyl-6-cinnolyl)thiourea dihydrochloride (4 g.) was treated as above, and the crude product 
extracted repeatedly with hot 2N-hydrochloric acid. Complete separation of mercuric sulphide 
required repeated passage of hydrogen sulphide into the hot solution, and after a single treat- 
ment a well defined mercury-containing complex separated in needles.from the filtered solution ; 
this was dissolved in fresh acid and re-treated with hydrogen sulphide. Basification (ammonia) 
of the combined acid solutions gave N'!N*-di-(4-amino-3-methyl-6-cinnolyl)guanidine (2-75 g., 
81%), which separated from aqueous-ammoniacal alcohol in pale yellow needles, m. p. 240— 
270° (decomp.) after effervescing at 240° (Found : C, 56-45; H, 5-55; N, 29-3. C,H,)N,,2H,O 
requires C, 55-75; H, 5-65; N, 30-8%). The trihydrochloride crystallised from a mixture of 
hydrochloric acid and acetone in colourless needles, m. p. 315° (decomp.), and was readily 
soluble in water (Found : C, 48-3; H, 4:9; N, 22-9; Cl, 21-1. C,,H, N,,3HCI requires C, 47-3; 
H, 4:6; N, 26-1; Cl, 22-05%). 

N'!N3-Di-(4-amino-6-quinolyl)guanidine Dimethiodide.—The base (0-4 g.), methyl iodide 
(2 c.c.), and ethanol (20 c.c.) were heated under reflux for } hour. Dissolution of the base was 
quickly followed by separation of the dimethiodide (0-49 g.); this crystallised from aqueous 
alcohol in small yellow needles which effervesced and became red at 250° and then melted at 
260—295° (Found: C, 38-2; H, 4:15; N, 14-6. C,,H,,N,I,,2H,O requires C, 38-0; H, 4-1; 
N, 148%). 

N!N3-Di-(4-amino-6-cinnolyl)guanidine Dimethiodide-——The base (1-5 g.), methyl iodide 
(15 c.c.), and dry methanol (75 c.c.) were heated under reflux for 2 hours. The clear solution 
was then evaporated, finally in a desiccator, yielding an orange residue [2-95 g.; m. p. 265° 
(decomp.)} which did not lose weight after 5 hours at 60° (Found, for material dried at 100° in 
a vacuum : C, 23-95, 25-5; H, 3-0, 2-6; I, 56-8. Calc. for C,,H,,N,I,,2CH,I : C, 27-6; H, 3-0; 
I, 55-6. Cale. for C,gH,,N,I,,2HI,2H,O: C, 24-75; H, 2-95; I, 55-1%). A solution of this 
substance (1 g.) in water (20 c.c.) slowly deposited N!N°-di-(4-amino-6-cinnolyl)guanidine di- 
methiodide (0-51 g.), which crystallised from water in small yellow needles, m. p. 270° (decomp.) 
(Found: C, 35:35; H, 3-7; N, 19-9; I, 39-25. C,H,.,N,I,,H,O requires C, 35-25; H, 3-6; 
N, 19-5; I, 39-2%). 

The composition of the orange substance, m. p. 265° (decomp.), suggested by the analytical 
figures is a dihydriodide dihydrate of the above quaternary salt. Its behaviour, however, 
suggests that it is a complex of the quaternary salt with methyl iodide, as the original aqueous 
filtrate from the quaternary salt was not acid to litmus and smelt of methyl iodide. 

N!N3-Di-(4-amino-3-methyl-6-cinnolyl) guanidine Dimethiodide.—A mixture of the base (1 g.), 
methyl iodide (25 c.c.), and dry methanol (50 c.c.) was treated as above and gave an orange- 
yellow solid (1-64 g.), m. p. 250—300° after effervescing and reddening at 230—250°, which did 
not lose weight on drying at 60° (Found, for material dried at 100° in vacuum : C, 34-0; H, 3-9; 
N, 12-75; I, 43-8. Calc. for C,,H,,;N,I,,CH,I: C, 33-1; H, 3-55; N, 15-75; I, 47-6%). A 
solution of this material in water was not acid to litmus, and after it had been warmed for a 
few minutes the odour of methyl iodide was noticeable and small yellow needles of N1N%-di-(4- 
amino-3-methyl-6-cinnolyl)guanidine dimethiodide (0-76 g.) gradually separated. The salt 
effervesced with partial melting at 251—253° and on further heating gradually decomposed up 
to 280° (Found: C, 38-75; H, 3-8; N, 19-1; I, 36-25. C,,H,;N,I, requires C, 38-4; H, 3-8; 
N, 19-2; I, 38-6%). 

NN’-Di-(4-amino-6-quinolyl)thiourea Dimethiodide.—A solution of 4 : 6-diamino-1-methyl- 
quinolinium iodide (2 g.) in 50% aqueous acetone (100 c.c.) and thiocarbonyl chloride (0-3 c.c.) 
was stirred and refluxed for } hour. NN’-Di-(4-amino-6-quinolyl)thiourea dimethiodide (1-2 g.) 
separated after a few minutes as a mass of colourless needles, and, when kept, the filtrate gave 
a further crop in gelatinous form (0-34 g.). The salt effervesced at 235°, and then melted and 
darkened up to 275° (Found: C, 38-2; H, 3-4; N, 12-0; S, 2-8. C,,H,.N,I,S,H,O requires 
C, 38-1; H, 3-65; N, 12-7; S, 4:85%); it was insoluble in most organic solvents, but separated 
as a gelatinous mass of small needles from alcoholic phenol or aqueous alcohol. It was soluble 
in hot water, but the solution slowly lost hydrogen sulphide; after } hour’s boiling the 
decomposition was incomplete (Found, for recovered material : S, 2-3, 2-2%), but after 1 hour’s 
refluxing the salt was completely hydrolysed to 4 : 6-diamino-1-methylquinolinium iodide. 

NN’-Di-(4-amino-6-cinnolyl)thiourea Dimethochloride.—After 4 : 6-diamino-l-methylcin- 
nolinium iodide (0-5 g.), thiocarbonyl chloride (0-12 c.c.), and 50% aqueous acetone (25 c.c.) 
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had been refluxed for } hour, the slightly turbid solution was filtered and set aside. NN’-Di-(4- 
amino-6-cinnolyl)thiourea dimethochloride (0-23 g.) separated in small yellow needles, which 
effervesced at 205° and then melted gradually up to 280° (Found: C, 48-15; H, 4-65; N, 22-8; 
Cl, 14-9; S,; 5-75. C,,HgN,Cl,S,H,O requires C, 47-4; H, 4-6; N, 23-3; Cl, 14-7; S, 6-65%). 
In another experiment on the same scale, the filtered solution after removal of acetone on the 
steam-bath (reduced pressure) was treated with aqueous potassium iodide. The product which 
separated (0-35 g.) had m. p. 270—275° (decomp.) after crystallisation from aqueous potassium 
iodide, not depressed by admixture with 4 : 6-diamino-1l-methylcinnolinium iodide, and gave a 
strong diazo-coupling reaction (Found : C, 35-8; H, 3-8; N, 21-8; I, 42-7; S, <0-1. Cale. for 
CyH,,N,I: C, 35-75; H, 3-7; N, 18-5; I, 42-05%). 

NN’-Di-(4-amino-3-methyl-6-cinnolyl)thiourea Dimethochloride.—When 4 : 6-diamino-1 : 3- 
dimethylcinnolinium chloride (0-5 g.) was treated as described above, a crystalline reaction 
product began to separate after } hour, and was collected (0-22 g.) after a further 4 hour of 
refluxing. NN’-Di-(4-amino-3-methyl-6-cinnolyl)thiourea dimethochloride crystallised from water 
in small yellow needles, m. p. 313—314° (decomp.) (Found: C, 51-55; H, 4-65; N, 22-5; Cl, 
14:0; S, 62. C,,H,,N,SCl, requires C, 51-3; H, 49; N, 22-8; Cl, 14-4; S, 65%). No 
depression in m. p. was observed in admixture with 4: 6-diamino-1 : 3-dimethylcinnolinium 
chloride. 

NN’-Di-(4-amino-6-quinolyl)urea.—(a) A slow stream of carbonyl chloride was bubbled into a 
stirred suspension of 4 : 6-diaminoquinoline (2 g.) in water (40 c.c.) containing crystalline sodium 
acetate (4 g.) at 80—90° until an almost clear solution was formed (ca. 5 minutes). Addition of 
10n-hydrochloric acid (ca. 10 c.c.) to the filtered solution precipitated NN’-di-(4-amino-6- 
quinolyl)urea dihydrochloride (1-48 g.), which formed small colourless needles, m. p. 350° 
(decomp.), from dilute hydrochloric acid, and was easily soluble in warm water (Found: C, 
54-0; H, 4:45; N, 18-95; Cl, 17-9. C,,H,,ON,,2HCI requires C, 54-7; H, 4:35; N, 20-15; 
Cl, 17-0%). Basification with ammonia solution gave NN’-di-(4-amino-6-quinolyl)urea, m. p. 
284—286° (decomp.), which crystallised from slightly aqueous ethanol as a gelatinous mass of 
small pale yellow needles, and then had m. p. 260—265° (decomp.) (Found: C, 60-9; H, 4-5; 
N, 22-1. C,,H,,ON,,1-5H,O requires C, 61-4; H, 5-15; N, 22.6%). The base was sparingly 
soluble in aqueous ethanol, insoluble in other common solvents and in alkalis, and easily soluble 
in dilute acetic acid. 

(b) (Cf. Haskelberg, J. Org. Chem., 1947, 12, 434.) A mixture of 4: 6-diaminoquinoline 
(2-3 g.), urea (0-51 g.), and 10N-hydrochloric acid (1-25 c.c.) was heated at 120—130° until all 
the water hadi evaporated (}—} hour); the temperature of the resultant red mass was then 
quickly raised to 230° and kept there for } hour. When cold, the mass was digested with very 
dilute acetic acid (35 c.c.), and the extract was filtered and basified with ammonia, yielding the 
above diquinolylurea (1-15 g.), m. p. (after crystallisation from aqueous ethanol) 248—253° 
(decomp.) alone and mixed with the foregoing specimen. 

The ammoniacal filtrate from the base was treated with sodium hydroxide, and the 
precipitated bases (1-2 g.) were dissolved in hot water (25 c.c.); 4: 6-diaminoquinoline [0-42 g. ; 
m. p. and mixed m. p. 215—216° (decomp.)] first separated, followed by 4-amino-6-quinolylurea 
(crude, 0-3 g.), which crystallised from 2-ethoxyethanol-ether in small colourless prisms, m. p. 
220—222° (effervescence) (Found: C, 59-0; H, 5-25; N, 26-55. C, ,H,ON, requires C, 59-4; 
H, 5-0; N, 27-7%). On fusion with 4 : 6-diaminoquinoline this base yielded N N’-di-(4-amino-6- 
quinolyl)urea, which was identified by mixed m. p. and by conversion into the dihydrochloride. 

NN’-Di-(4-amino-6-quinolyl)urea Dimethiodide.—(a) A freshly prepared solution of carbonyl 
chloride (0-4 g.) in acetone (2 c.c.) was added during 5 minutes to a solution of 4 : 6-diamino-1- 
methylquinolinium iodide (2 g.) in 50% aqueous acetone (40 c.c.) which was stirred and kept at 
0—5° throughout the experiment. After } hour the solid which had separated was collected 
(0-91 g.), dissolved in water, and treated with aqueous potassium iodide; NN’-di-(4-amino-6- 
quinolyl)uvea dimethiodide (0-8 g.) separated in small, pale yellow needles, m. p. 303—305° 
(effervescence) (Found: C, 41-4; H, 3-85; N, 13-25; I, 39-0. C,,H,,ON,I, requires C, 40-15; 
H, 3-55; N, 13-4; I, 40-4%). 

(b) Finely powdered NN’-di-(4-amino-6-quinolyl)urea (0-1 g.), ethyl alcohol (10 c.c.), and 
methyl iodide (1 c.c.) were refluxed for 1 hour. The product was collected in the cold and 
recrystallised first from aqueous potassium iodide and then thrice from water, whence the 
dimethiodide separated as small needles of the dihydrate, m. p. 298—300° (decomp.) alone and 
when mixed with the anhydrous salt (Found: C, 36-6; H, 3-8; I, 37-2. C,,H,,ON,I,,2H,O 
requires C, 37-95; H, 3-95; I, 38-2%). 

NN’-Di-(4-amino-6-cinnolyl)urea Dimethochloride.—A solution of carbonyl chloride in acetone 
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(10 c.c. of 20% w/v) was added in portions during 2 minutes to one of 4 : 6-diamino-1-methyl- 
cinnolinium iodide (0-5 g.) in 50% aqueous acetone (10 c.c.); the temperature rose from 20° to 
40—50° and a solid rapidly separated. The product was collected [0-1 g.; m. p. 289—290° 
(decomp.)}] and recrystallised from aqueous acetone, giving small yellow needles of NN’-di-(4- 
amino-6-cinnolyl)urea dimethochloride, m. p. 295—297° (decomp.) (Found: C, 49-6; H, 4-9; N, 
24-7; Cl, 14-9. C,,H,,ON,Cl,,H,O requires C, 49-05; H, 4:75; N, 24-05; Cl, 15-25%). In 
another experiment (on twice the scale), the filtrate was left overnight, and yielded pale yellow 
needles, m. p. 304—305° (decomp.), of 4 : 6-diamino-1-methylcinnolinium chloride (0-13 g.). 

NN’-Di-(4-amino-3-methyl-6-cinnolyl)urea Dimethochloride.—Carbonyl chloride was slowly 
bubbled for 7 minutes into a stirred solution of 4 : 6-diamino-1 : 3-dimethylcinnolinium chloride 
(0-5 g.) and crystalline sodium acetate (1 g.) in water (25 c.c.) at 80°. The solid which rapidly 
separated (0-14 g.) was collected in the hot, washed with a little warm water, and crystallised 
from water, giving small yellow needles of NN’-di-(4-amino-3-methyl-6-cinnolyl)urea dimetho- 
chloride, m. p. 288—290° (decomp.) (Found: C, 51-75; H, 5-35; N, 21-4; Cl, 14-4. 
C,,H,ON,Cl,,H,O requires C, 51:1; H, 5-3; N, 22-7; Cl, 14:4%). The reaction filtrate on 
cooling gave unchanged 4: 6-diamino-1 : 3-dimethylcinnolinium chloride (0-3 g.), and this was 
the sole product if the condensation was attempted (at 0°, room, or reflux temperature) in the 
absence of sodium acetate. 
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496. Olefin Co-ordination Compounds. Part II.* Compounds 
with Two Double Bonds attached to One Platinwm Atom. 


By J. Cuatr and R. G. WILKINs. 


Dichlorodiethyleneplatinum, (C,H,),PtCl, (I), has been prepared in 
yellow crystals by passing ethylene through an almost saturated solution of 
dichlorodiethylene-yy’-dichlorodiplatinum (II), in acetone at —70°. It dis- 
sociates at —6° in an ethylene atmosphere and most probably has a trans- 
configuration. The existence of this compound renders Hel’man’s structure 
for olefin—platinous complexes invalid. The possible existence of the cis- 
isomer is reported. 

Dipentene was examined as a possible chelating olefinic ligand. It forms 
two comparatively stable complexes of empirical formula, C,)H,,,PtCl,. One 
of these is monomeric and must be either a chelate complex or an addition 
compound, but not an analogue of dichlorodiethylene-yy’-dichlorodiplatinum. 
Both regenerate dipentene with potassium cyanide. They are probably 
structural isomers. 


In all except the olefin series of platinous complexes, at least one geometric isomer of the 
simple non-ionic compound, L,PtCl, (L = ligand) is known and is usually more stable than 
the related ionic complexes, [LPtCl,]~, [L,PtCl]*, and [L,Pt}]**. The olefin complexes are 
notable exceptions; K{C,H,PtCl,] was first recognised in 1830 (Zeise, Mag. Pharm., 35, 105) 
but (C,H,),PtCl, (I), in spite of repeated attempts to prepare it (Hel’man, ‘‘ Complex 
Compounds of Platinum with Unsaturated Molecules,’’ Soviet Acad. Sci., 1945; Anderson, 
J., 1936, 1042), was unknown until 1950 (Chatt and Wilkins, Nature, 165, 859). Hel’man 
has based a vaguely described structure for olefin—platinous complexes on the apparent fact 
that not more than one double bond could be co-ordinated to one platinum atom (Hel’man, 
Compt. rend. Acad. Sci., U.R.S.S., 1939, 24, 549) and summarily rejected Anderson’s 
evidence (loc. cit.) for an unstable distyrene complex. Our isolation of (C,H,).PtCl, shows 
that Hel’man’s structure, in the manner in which she conceived it, is untenable and no 
structure described before 1949 (Chatt, J., 1949, 3340) can be regarded as satisfactory. 
Dichlorodiethyleneplatinum (I) was rapidly precipitated in canary-yellow crystals by 
passing ethylene into a concentrated solution of dichlorodiethylene-py’-dichlorodi- 


* Part I, J., 1949, 3340. 
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platinum (II) in acetone or in ethyl methyl ketone at about —70°. It is only slightly 
soluble in the ketone at this temperature but dissolves to a yellow solution at about —50° 
and reverts, with evolution of ethylene, to the orange solution of (II) at room temperature. 
The yellow solid is thermally very unstable. It was obtained, damped with acetone or 


GH AN 
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ether, by sucking off the acetone-ethylene mother-liquor through a sintered-glass filter and 
washing the solid with acetone or ether at —70° in a closed system which excluded moisture. 
In this state, the yellow solid reverts to orange (II) at about —6° in an atmosphere of 
ethylene but is converted again on the surface into yellow (I) by cooling. Even at —70° 
(I) is sufficiently dissociated in acetone for one molecule of ethylene to be lost, with 
dissolution of the solid to an orange solution, by passage of carbon dioxide through its 
acetone suspension. 

The presence of the ketone appears to help the formation of (I) and probably facilitates 
entry of the ethylene into (II) by opening the bridge, which is known to be split in boiling 
acetone (Chatt and Williams, J., 1951, 3061) : 

(CJH,PtCl,). + Me,CO =» 2C,H,,Me,CO,PtCl, 
C,H,,Me,CO,PtCl, + CsH, == (C,H,).PtCl, + Me,CO 
Neither gaseous ethylene at —70° nor liquid ethylene at its boiling point has any action 
on (II). 

The instability of (I) is best explained by supposing that it has a trans-configuration. 
This instability is the combined effect of the rather weak co-ordinating affinity of ethylene 
together with the strong ¢rans-influence or labilising effect of an ethylene molecule on the 
group in the ¢rans-position to itself. Hel’man has shown that the halogen in the érans- 
position to ethylene in the [C,H,PtCl,]- ion can be replaced with the same order of rapidity 
as ionic halogen, and the rapid formation of the diethylene complex (I) at the very low 
temperature employed is readily understood if (I) has a ¢rans-configuration. The yellow 
colour is also evidence, although weak evidence, for a trans-configuration. The corre- 
sponding carbon monoxide and phosphorus trifluoride complexes have a cis-configuration 
and are colourless. The cis-isomer of (I) should be formed more slowly and have greater 
stability than (I) [cf. the analogous carbonyl complex (Chatt and Williams, loc. cit.) and 
triethylphosphine complexes (Chatt and Wilkins, J., 1952, 273)]; in fact, if a dilute solution 
of the diolefin complex in acetone, which at room temperature is an equilibrium mixture of 
(II) and C,H,, is set aside with precautions to exclude moisture, a greyish solid usually 
contaminated with platinum separates slowly. It is apparently identical with the insoluble 
compound obtained by addition of one equivalent of tri-n-propylphosphine to (II) in 
acetone (see Chatt, J., 1951, 652), is insoluble in all solvents, can be obtained only in small 
quantities, and is possibly cis-(C,H,),PtCl,. 

Since (C,H,),PtCl, has been prepared and the cis-isomer once it has been formed should 
be the more stable, diolefins under the right conditions should give reasonably stable 
chelate complexes. Hel’man has shown that both butadiene (Compt. rend. Acad. Sci., 
U.R.S.S., 1939, 23, 532) and hexa-1 : 5-diene (loc. cit., 1945) do not chelate but that the 
double bonds react independently with different platinum atoms. We have confirmed 
Hel’man’s findings in the case of butadiene which reacts with potassium chloroplatinite in 
3% hydrochloric acid to produce K,[{[C,H,(PtCl,).]. Kharasch and Ashford (J. Amer. 
Chem. Soc., 1936, 58, 1733) describe a dipentene complex of empirical formula C,)H,,PtCl, 
which, if it is a co-ordination compound, could be either (III) or (IV) according to whether 


C,H 1 1 la 1 
niga i CoH PK AAV) 
cY *cY c,h, A Nel 
one or both double bonds are involved in complex formation. Our attention was directed 


to this compound because it is exceptionally stable and has a faint yellow colour in contrast 
to the orange bridged mono-olefin complexes of type (II). It was prepared by reaction of 


(II) 


(III) 
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dipentene with platinic chloride in glacial acetic acid. We repeated this preparation and 
obtained the known compound, but also attempted to prepare it by reaction of dipentene 
with (II) in alcohol. The latter preparation yielded an even more stable substance, 
C,9H,,,PtCl,, with properties quite distinct from those of Kharasch and Ashford’s 
compound. The compounds, which we shall designate « and $ respectively, are described 
in the Table. 

Each of these compounds is formed without contamination by the other, and the 
dipentene is liberated from each by aqueous potassium cyanide. The «-isomer is too 
insoluble in cold solvents and too unstable in hot solvents for a molecular-weight 
determination. The $-isomer is monomeric in boiling benzene and would thus appear to 
have structure (IV), but such a conclusion must be accepted with reserve because the 
mono-olefin, pinene, also forms a faintly yellow complex (Kharasch and Ashford, Joc. cit.). 
Hofmann and von Narbutt (Ber., 1908, 41, 1625) have also described faintly yellow 
compounds, C,9H,,PtClOMe and C, 9H, ,PtClOEt obtained by reaction of potassium 
chloroplatinite with cyclopentadiene in aqueous methanol and ethanol respectively. They 
claimed that PtCl and the alkoxyl group had added across a double bond in a manner 
analogous to alkoxymercuric salts in alcoholic solutions. In propyl alcohol they obtained 
Cy 9H,».,PtCl,, the colour of which is not stated, but they considered the PtCl-Cl to have 
added across the double bond. They stress the exceptional stability of these compounds. 
It is thus possible that the faintly yellow and comparatively very stable «- and 
8-C,9H,,PtCl, and the pinene complex, the stability of which was not stated, are addition 
products of a type similar to Hofmann and von Narbutt’s compounds, and that structural 
isomerism is involved. The recovery of dipentene with potassium cyanide is no more 


a-C,,H,,PtCl, B-C,,H,,PtCl, 
Preparation > CyoHy, + (C,H,).Pt.Cl, 
Decomposition pt. ...... 49° 171—172° 
Colour Very pale yellow Very pale cream 
Rhomb-shaped, ca. 77—78° angle Needles (from C,H,) 
(from CHC],-EtOH) 
Extinction Symmetrical Straight 
Nal in acetone Rapid decomp. Orange-red C,,H,,PtI, (isolated as solid 
by evaporation of acetone) 

AgNO, in aq. acetone Ppt. within 10 secs. Ppt. within 10 secs. 
Solubility Generally the less Generally the greater 

in acetone Used for recrystn. Ca. 0-1 g. in 8 c.c. 

in ethanol Insol. in cold, decomp. in hot Used for recrystn. 

in benzene Sl. sol. cold, sol. hot Sl. sol. cold or hot 

in ether Insol. cold or hot Insol. cold or hot 


decisive as evidence of co-ordination complex formation than is the liberation of ethylene 
from the ethoxymercuric chloride addition compound, C,H,HgCl-OEt (see Chatt, Chem. 
Reviews, 1950, 48, 7). The true nature of a- and $-dipenteneplatinous chlorides and the 
other pale yellow, exceptionally stable olefin—platinous complexes is thus an open question. 


EXPERIMENTAL 


Dichlovodiethyleneplatinum (trans ?) (I).—This complex was prepared, filtered, and washed 
at a low temperature in an apparatus (Fig. 1) designed by Mr. Curtis of these laboratories. 
Dichlorodiethylene-yp’-dichlorodiplatinum (II) (0-5 g.) in acetone (8 c.c.) was filtered and placed 
in angle A. The apparatus was then cooled in solid carbon dioxide—acetone with passage of 
dry ethylene. The yellow crystalline product separated and was filtered by tilting the 
apparatus and applying suction at B. Pure solvent (acetone followed »y ether) was next cooled 
in angle A and used to wash the product, which decomposed at tempevatures above — 6°, leaving 
a residue of (II), decomp. 142—166° (Found: C, 8-5; H, 1-6; Pt, 66-4. Calc. for C,H,Cl,Pt: 
C, 8-2; H, 1-4; Pt, 66-4%). 

The yellow compound was analysed by measuring: (a) the ratio of ethylene evolved on 
warming to 30°, to that evolved when the residual (II) was decomposed by hot potassium 
cyanide solution; (6) the ratio of ethylene evolved on warming to 30°, to the platinum and 
chlorine in the residual (II). 


(a) The compound was prepared in ethyl methyl ketone, to minimise errors arising from the 
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high vapour pressure of acetone. (II) (0-1—0-15 g.) in the ketone (10—20 c.c.) was filtered and 
placed in A (Fig. 2), and all air was displaced from the apparatus by carbon dioxide. The 
tube A was then cooled to — 70° and ethylene passed in until no more product separated. The 
mother-liquor was sucked off at B, and carbon dioxide was passed over the wet solid until all 
gaseous ethylene was displaced. The apparatus was then warmed to 30° and the ethylene 
collected. Its volume was corrected for the vapour of the surplus ketone which was carried 
over by the carbon dioxide and was present as liquid in the nitrometer, and also for the volume 
of ethylene which had remained dissolved in surplus ketone at —70°. The latter, involving an 
error of about 4%, was estimated from a blank experiment in which the yellow compound was 
simulated by an equal volume of powdered sodium chloride. When all the ethylene had been 
evolved at 30°, hot potassium cyanide solution was added through C and the extra quantity of 
evolved ethylene measured [Found: C,H,(1) :C,H,(2) = (i) 1-02: 1-00; | (ii) 1-03: 1-00. 
C,H,C1,Pt requires 1 : 1). 

(b) The initial evolution of ethylene was determined as before, the residue in A was taken up 
in dilute sulphuric acid in presence of AnalaR potassium chloride (0-06—0-07 g.), and platinum 
and chlorine were determined gravimetrically in the solution [Found: C,H,(1): Pt:Cl = 
(i) 1-04: 1:2-05; (ii) 1-09: 1:2-01. C,H,Cl,Pt requires 1: 1: 2}. 


Fic. 1. 
Hg 


To filter pump 
~ 


—— 


Nitrometer 






































wy 





In one experiment, after ethylene (29 c.c.) had been evolved on warming to 30°, the moist 
residual orange (II) was again treated with ethylene at —70° until it became yellow. On 
warming again, only 5-6 c.c. of ethylene were evolved, indicating surface action only. 

Dichlorodiethyleneplatinum (cis ?).—The above yellow isomer was washed thrice with cold 
AnalaR acetone, then dissolved in cold acetone, and the solution allowed to warm to room 
temperature. A little ethylene was evolved and the solution reddened slightly. After 48 hours, 
the solution had become cherry-red and deposited a small quantity of almost white crystalline 
complex (Found: C, 15-0; H, 2-4. C,H,Cl,Pt requires C, 14-9; H, 2-5%). This product is 
very difficult to obtain free from metallic platinum, and dry conditions, without excess of 
ethylene, are essential. It may be the cis-isomer or a polymeric substance. It effervesces with 
potassium cyanide solution. 

Potassium Butadienebistrichloroplatinite, K,{C,H,(PtCl,),).—Potassium chloroplatinite (5 g.) 
in water (25 c.c.) and concentrated hydrochloric acid (2-5 c.c.) were shaken for 2 days in an 
atmosphere of butadiene. The final suspension was warmed just sufficiently to dissolve the 
crystalline product, the whole filtered from a slight brown impurity, and the filtrate cooled to 0°. 
The bistrichloroplatinite (3-2 g.) separated in bright orange crystals (Found: C, 6-7; H, 0-9. 
C,H,Cl,K,Pt, requires C, 6-5; H,0-8%). This product is stable in dilute hydrochloric acid but 
decomposes rapidly in neutral solution, 

Dipentene Complexes.—The dipentene used was purified through its tetrabromide, m. p. 
124-5—-125-5°, and regenerated by reaction of the tetrabromide with magnesium in ether (Braun 
and Lemke, Ber., 1923, 56, 1652). 

8F 
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a-Dipenteneplatinous chloride. Prepared as described by Kharasch and Ashford (loc. cit.), 
this decomposed at 148—149° (they give 150—151°) (Found: C, 29-9; H, 4-3. Calc. for 
C, 9H,,Cl,Pt : C, 29-9; H, 40%). 

8-Dipenteneplatinous chloride. The compound (II) (6-0 g.) in alcohol (100 c.c.) was filtered, 
dipentene (2-65 g.) added, and the mixture evaporated at 15—20 mm. The residue (7-66 g.) 
was extracted with hot alcohol (400 c.c.), filtered, and cooled to —70°. The product which 
separated recrystallised from 2: 1 alcohol-acetone (yield, 3-0 g.) and then decomposed at 171— 
172° [Found: C, 30-0, 30-1; H,4-:2,4-0; Pt, 48-4, 48-4%; M (ebullioscopically in 0-90% benzene 
solution) 406, (in 0-84% solution) 453, (in 1-12% solution) 453. C, )H,,Cl,Pt requires C, 29-9; 
H, 4:0; Pt, 485%; M, 402). 

Reaction with potassium cyanide. Each isomer (0-3 g.) was dissolved separately in chloroform 
(20 c.c.) and shaken with cold aqueous potassium cyanide (0-3 g. in 20 c.c.) until the chloroform 
layer became colourless. The chloroform was separated and the aqueous layer extracted twice 
with chloroform. The combined extracts were dried (Na,SO,) and brominated at — 10° (ca. 0-4 g. 
of bromine, slight excess). The chloroform was removed at 15—20 mm. and the residue washed 
out with ethyl acetate (yields: from «-isomer 0-25 g., from $-isomer 0-3 g.). Recrystallised 
once from ethyl acetate the products had m. p. (a) 122—123° and (8) 120—122°, not depressed 
on admixture with dipentene tetrabromide. 

8-Dipenteneplatinous iodide. The §-chloride (0-3 g.) reacted in the cold with sodium iodide 
(0-25 g.) in acetone (35.c.c.). The precipitated sodium chloride was filtered off from the orange- 
brown solution, which by evaporation at 15—20 mm. gave a red crystalline iodide. This was 
purified by precipitation twice from chloroform solution with ether, and had decomp. pt. 122— 
124° (Found: C, 20-4; H, 3-0. C, )H,,I,Pt requires C, 20-5; H, 2-75%). It decomposed 
rapidly in boiling benzene. The «-chloride, under similar treatment, yielded a red oil, which 
decomposed rapidly at room temperature. 
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497. Studies on Some Metal Electrodes. Part IX.* The Temperature 


Coefficients of the Copper and Antimony Electrodes in Solutions initially 
Free from Their Ions. The Mode of Oxidation of These Metals. 


By A. Riap Tourky and E. M. KuHatry. 


Examination of the temperature coefficients of the copper and the 
antimony electrode in buffer solutions initially free from the metal ions in 
and out of contact with air reveals for copper a negligible coefficient between 
20° and 47° in air except in solutions of pH =7 in which it is as high 
as 3-7 mv/°c from 35° to 47°. Out of contact with air a regular small 
coefficient of —1 + 0-05 mv/°c is obtained and the potentials correspond 
closely to the thermodynamic value for the Cu-Cu,O couple (designated as 
E,’). Calculations based on the latter value give for the standard entropy 
S°out a value of 11 + 1 cal./°c/g.-ion. Massive and plated antimony 
electrodes yield in both cases similar £,’—temperature diagrams characterised 
by minima and maxima within the range 20—60°. The minima all occur at 
about 40° and correspond, in absence of oxygen, to the thermodynamic 
E,’(Sb-Sb,O,). The temperature coefficients vary and are usually high. 

The results are discussed in the light of the theory of lattice defects on the 
basis that whereas cuprous oxide has a metal-deficient lattice and can thicken 
through the upward diffusion of metal ions leading to a stable system, yet 
oxygen deposited on antimonous oxide persists as doublets. These are readily 
desorbed with rise of temperature unless oxygen is re-formed on the surface 
by some other process. Under conditions favouring the formation of a 
secondary layer of cupric oxide on copper (pH = 7), the electrode may 
become passivated by a similar process. ~* 


It is fairly well established that an oxide with a defect-metal lattice such as cuprous oxide 
thickens through the diffusion of ions and electrons from the underlying metal towards the 
* Part VIII, J., 1949, 1305. 
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metal oxide-gas interface. At higher temperatures the migration of ions is brought 
about by thermal diffusion, whereas at lower ones it may be effected through the electric 
fields operative at the metal-metal oxide-gas interfaces (Wagner, Z. physikal. Chem., 
1933, B, 21,25; 1936, 32,447; Wagner and Hammen, ibid., 1938, 40,197; Jost, ‘‘ Diffusion 
und Chemische Reaktion in festen Stoffen,’’ Dresden and Leipzig, 1937; Ann Arbor, 
Michigan, 1943, p. 149; Hoar and Price, Trans. Faraday Soc., 1938, 34, 867). One would 
therefore expect that oxygen deposited on a copper—cuprous oxide surface would contribute 
to the thickening of the oxide without persisting as such for long. If this was the case, a 
Cu-—Cu,O electrode should manifest the thermodynamic E,’ value, and its temperature 
coefficient should be small and comparable with those of other stable systems. In antimony 
trioxide, on the other hand, where the lattice defects, as in other metal trioxides, are most 
probably restricted to oxygen ions (Fischbeck, Z. Elektrochem., 1933, 39, 316; Jost, op. cit., 
p. 79; Mott, Proc. Camb. Phil. Soc., 1938, 34, 568; Trans. Faraday Soc., 1940, 36, 472; 
1947, 43, 429; Zintl and Croatto, Z. anorg. Chem., 1939, 242, 79), diffusion of metal ions 
may not take place and oxygen deposited on the oxide surface from the atmosphere persists 
as oxygen doublets. Consequently, an Sb-Sb,O, electrode should behave as a metal- 
metal oxide electrode subject to an oxygen overvoltage effect. Both this and the arsenic 
system are more correctly designated as metal-metal oxide-oxygen than as metal-metal 
oxide electrodes (Tourky and Mousa, /., 1948, 750; 1949, 1297). The temperature 
coefficient of such electrodes should vary, being comparatively large like those usually 
encountered in overvoltage phenomena (Biircher and Harkins, J. Amer. Chem. Soc., 1923, 
45, 2890; Hickling and Salt, Trans. Faraday Soc., 1941, 37, 333; Milton Le-Baron and 
Choppin, Trans. Amer. Electrochem. Soc., 1940, 77, 12; Onoda, Z. anorg. Chem., 1927, 165, 
79, 93; Bockris and Parsons, Trans. Faraday Soc., 1949, 45, 322, 916). The object of the 
present investigation was to find whether these predictions were borne out by experiment. 


Experimental.—The copper electrodes were prepared as described by Tourky and Wakkad 
(J., 1948, 740). Stick as well as plated antimony electrodes, prepared after Schukoff and 
Awsejewitsch (Z. Elektrochem., 1930, 35, 348) by electrodeposition from a 25% solution of 
antimony trichloride in dry acetone, were used. The buffer solutions used for evaluating the 
E,’ values were acetic acid—sodium acetate and Clark and Lubs buffers within the pH ranges 
5—7-3 for copper and 4—7-5 for antimony. Cells and apparatus were essentially the same as 
used by Tourky and Mousa (loc. cit.). The measurements were carried out in air at temperatures 
ranging from 20° to 47° or to 60° with the copper and the antimony electrodes, respectively. 
After the electrodes had been subjected alternately to the action of hydrogen and to high 
vacuum at 350° and kept out of contact with air, the measurements were performed between 
20° and 41° and to 50°, respectively. The potential measurements were accurate to four 
decimal places. 


RESULTS AND DISCUSSION 


(A) Temperature Coefficient of the Copper-Cuprous Oxide Electrode.—In studying the 
behaviour of the spongy copper electrode in buffer solutions initially free from copper ions, 
Tourky and Wakkad (loc. cit.) found that the electrode responded to variations in pH from 
4-65 to 8-08 in air. The linearity of the potential—pH relation within their experimental 
range, and the fact that AE/ApH was close to the theoretical value, suggested that the 
metal functioned as a metal-metal oxide electrode. They found that, when the electrode 
had been kept out of contact with air and subjected alternately to the action of hydrogen 
and to high vacuum, it functioned as a metal-metal oxide electrode within the pH range 
6—38. 

In the present investigation it was found impracticable to extrapolate the Ey—pH plots 
obtained in air at all applied temperatures to pH = 0. By calculating EZ,’ for each buffer, 
values were obtained (see below) which, though showing slight irregularities, exhibited but 
negligible variations with temperature within the pH range 4-95—6-33. From pH 6-94 
to 7:32 they behaved similarly from 20° to 35°, but changed considerably with rise of 
temperature from 35° to 47°. 

Electrodes subjected alternately to the action of hydrogen and high vacuum, yielded Eg 
values at the steady states which varied linearly and almost theoretically within the pH 








Tourky and Khairy: 


Acetic acid—acetate buffers. 
30° 35° 37-5 5° | 35° 37-5° 47° 
5! 


, 538 535 535 565 567 5-55 
“A 0-510 0-498 0. 500 , 0-526 0-529 0-526 
0-504 0-527 


Phthalate-sodium hydroxide buffers. 
20° 25:2° 30° 35° 37-5° 47° 20 25-2" 30° 
495 SIL 521 531 534 5-24 | 601 5-97 6-10 
0-466 0-476 0-483 0-480 0-481 0-478 | 0-512 0-511 0-520 
0-478 
Phosphate—sodium hydroxide buffers. 
20° 26° 30° 35° 37-5° 47° 
6-97 694 7-06 7-32 7:30 7-20 
0-576 0-586 0-576 0-588 0-597 0-630 
Mean E,’, v = 0-582 AE,’ /At = 0-0037 v/° c. 


range ~5-6—7-3 from 22° to 41°. The linearity could also be traced down to pH 4-90 but 
only at the initial temperature, 22°. On extrapolation, Ey’ values were obtained which 
are shown in the following table together with their temperature coefficient as determined 
from the slope of the Ey'-temperature linear plot. 


41° 
0-462 
0: “05 
For comparison, the thermodynamic Ey’ values for the » Cu-Cu,0 and the Cu-CuO 
couples have been evaluated. Thus, AG° values for Cu,O and H,O being taken as 
—35,150 and —56,690 cal., respectively (Latimer, ‘‘ Oxidation Potentials,” New York, 
1938, pp. 304 et seq.), the corresponding value for the reaction Cu,O + H, = 2Cu + H,0 
is found to be —21,540 cal., from which Ey’ (Cu-Cu,O) = 0-467 v at 25°. Similarly, 

can be shown by taking AG° of CuO as —30,400 cal., that E,’ (Cu-CuO) = 0-570 v at 2 5°. 
From these values and those obtained experimentally it is found that, with the exception 
of the E,’ values obtained at about pH 5 in the phthalate buffers, all other values in air 
are always higher than those obtained out of contact with air; the latter, as well as those 
obtained in air in the phthalate buffers of pH 5, correspond practically to the theoretical 
value of the Cu-Cu,O couple. One may visualise the behaviour of the copper electrode in 
air in such a manner that on immersion, the electrode is partly covered with a film of 
cuprous oxide constituting the cathodic area on the metal. By local action, oxygen may 
not only oxidise the bare metal parts constituting the anodic areas, but it may also receive 
electrons from dissolved cuprous ions leading thus to the formation of hydroxide and 
cupric ions. Under conditions favouring the formation of a more or less complete layer of 
cuprous oxide on the metal, cupric oxide may form a secondary layer on the electrode 
surface, leading to a drift in potential towards more positive values (Evans, J., 1925, 127, 
2484; Miiller, Z. Elektrochem., 1907, 13, 133; Feitknecht and Lenel, Helv. Chim. Acta, 
1944, 27, 775; Gatty and Spooner, ‘‘ Electrode Potential Behaviour of Corroding Metals in 
Aqueous Solutions,’” Oxford, 1938, p. 216; Pilling and Bedworth, J. Inst. Metals, 1923, 
29,529). In the limiting case, the electrode may function, virtually, as a Cu-CuO electrode. 
This is especially observed at about the neutral point within the pH range 6-94—7-32, the 
mean E,’ between 20° and 35° being 0-580 v and thus approaching the calculated value for 
that couple. At higher temperatures Ey’ increases rapidly, the coefficient between 35° and 
47° being as high as 3-7 mv/°c. It is probable that within the latter temperature range, 
the outer layer of cupric oxide is completed, rendering the electrode more or less passive. 
Under such conditions, oxygen deposited from the solution will persist on the surface, 
subjecting the electrode to an overvoltage effect increasing with rise of temperature and 

tending to shift the potential towards that of the reversible oxygen electrode. 
The Standard Entropy of the Cuprous Ion.—No value has as yet been assigned to the 
standard entropy of the cuprousion. Evaluations from electrochemical measurements are 
complicated by the slight solubility of most cuprous salts and the circumstance that even 
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in more concentrated copper salt solutions of either ionic species in contact with metallic 

copper, cupric ions predominate (Fenwick, J. Amer. Chem. Soc., 1926, 48, 860), whereas 

only in more dilute ones will cuprous ions be present in a comparatively greate1 amount. 
We have evaluated S°ou* by using the relation 


E,'(Cu-Cu,O) = E°(cu-cu+) + (RT/F) In S,/Ke  . . . . (I) 


where S, is the solubility activity product of cuprous oxide = dou+ .a@on-; 5S, almost 
certainly rises with temperature as does Ky, this being a general property of slightly 
soluble compounds, so that the temperature dependence of their ratio is likely to be smaller 
than dcu+ Or don- separately; and as a first approximation this ratio may be considered 
constant. Accordingly, from (1) it follows that : 


dE,’ /dT = dE°/dT + 2-303 (R/F) log S,/Ke  . . . » (2) 


Taking Feitknecht’s value of 1-26 x 10° (Helv. Chim. Acta, 1944, 27, 771) for S, and 
using our value —1 + 0-05 mv for the temperature coefficient, we get by substitution in 
equation (2) : 

dE° ~ 2303 x 1-998 1-26 x 10° 

adr = —0-001 tC 0-00005 - 33066 - log joie _ 


= —0-001 + 0-00005 + 0-0002 = —0-0008 + 0-00005 = —0-8 + 0-05 mv/°c 


This represents also the temperature coefficient of the cell 
Cu|Cu* (a = 1), H* (a = 1), H, (1 atm.) 


The standard entropy S° for the cell reaction Cu* + $H, = Cu + H* is computed by the 
use of the relation : 


S°o9g = F(dE°/dT)o9g 
= —23066 x (0-8 + 0-05) x 10% 
= —18-45 + 1-2 cal./°c/g.-ion 


But since S° = S°ou + S°a+ — S°ou + —4$S°u,, therefore 


S°ou —— SG + S°H? _— $S°u, — S° 
= 797 + 0 — $ x 31-23 + 18-45 + 1-2 (Latimer, of. cit., pp. 330 et seq.) 
= 10-8 + 1-211 + 1 cals./°c/g.-ion 


(B) Temperature Coefficient of the Antimony Electrode.—The influence of temperature 
on the electrode-potential behaviour of antimony was investigated by previous authors 
but mainly within the temperature range 10—30°, i.e., that most frequently encountered 
in measurements with that electrode. Franke and Willaman (Ind. Eng. Chem., 1928, 20, 
87) showed that the potential decreased, but not linearly, with increase of temperature, and 
Brewer and Montillon (Trans. Amer. Electrochem. Soc., 1929, 55, 356) stated that it had 
only a small temperature coefficient. Schukoff and Awsejewitsch (loc. cit.), on the other 
hand, noticed an appreciable variation of Ey’ within the range 7° to 30°. Tomiyama (J. 
Biochem. Japan, 1933, 18, 285) found, after the electrode had been immersed for 30 minutes 
and kept between 10° and 30°, that the temperature coefficients were 1-5, 2, and 2-5— 
3 mv/°c within the pH ranges 2—4, 5—7, and 8—I1 respectively. Mehta and Kulkarni 
(J. Ind. Inst., 1935, 18, A, 85) measured the potential of a cast electrode at 25° and 40° and 
gave two values which indicated a pronounced coefficient. None of the above authors 
tried to explain the results in terms of temperature effects. Consideration of the results 
obtained in this investigation reveals that : 

(i) The Ey—pH plots obtained with the plated electrode in air remain practically linear 
within the temperature range 20—44°. At higher temperatures the linearity is less 
pronounced, the curves manifesting smaller or higher slopes than the corresponding, 
theoretical ones. Linear plots are also obtained with the stick electrodes within the 
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temperature ranges 20—25°, 43—53°, and at 60° in almost all the buffers used. In the 
absence of atmospheric oxygen, and when the electrode had been subjected alternately to the 
action of hydrogen and high vacuum, the Ey—pH plots obtained at 25-2°, 30°, and 35° 
each consist of three straight lines, the first and last of which possess slopes which are 
respectively smaller and greater than, whereas the middle parts run almost parallel to, the 
theoretical ones. The deviations from the theoretical slopes usually decrease with increase 
of temperature, the curves obtained at 37-6° and 42° being almost linear. At higher 
temperatures, deviations reappear to varying extents. 

(ii) By plotting the extrapolated Ey’ values against temperature, curves are obtained 
in air (Fig. 1) and out of contact with air (Fig. 2), which possess the same general shape 


Fic. 1. Fic. 2. 
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inasmuch as they pass through minima and maxima within the temperature range used. 
The temperature coefficients for different parts of these curves are recorded in the following 
table. 

Curve A Curve B 
Fig fi. range ...... 20—30° 30—40° 49—60 20—25° 25—32° 32—37-5° 44—53° 53—60° 
1B: “LAE, ’/At, mv/°c —3 -1 4 —15 —5 —1 


Fig. 2{Ar yan my/c.. O08 TS. 

In interpreting the results obtained with the plated electrodes out of contact with air, 
one may conceive the charging of the metal to take place by one of the following processes. 
(x) It may attach water dipoles with subsequent liberation of hydrogen and formation of 
SbO* ions according to 


Sb + 2H,O = SbO* + 2H* + 3¢e ae ee 
The SbO* ions may then be transformed into the trioxide thus : 
2SbO* + 20H- = Sb,0, + H,O + Q age a a 
(8) Alternatively, the metal may either react directly with OH™ ions with the formation of 
SbOH** or indirectly by promoting the reaction : 
OH- + OH~ = H,O + O + 2e se bec oka 
with subsequent formation of the oxide according to 
oe ne a ee 


As can be seen in Fig. 2 the Ey’ values decrease with rise of temperature within the 
range 25—39°. The minimum value corresponds to that of the Sb-Sb,O, couple (0-152 v 
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at 25°). Since reaction (4) proceeds with evolution of energy, it is probable that the energy 
absorbed is mainly an activation energy. This is borne out by the fact that, whereas the 
reaction proceeds comparatively slowly along the line ab on the curve, where the £4’ values 
correspond closely to that of the Sb-SbO* couple (0-212 v at 25°), it manifests a rapid fall 
along the line bc. Reactions (5) and (6), which are also possible processes catalysed by the 
bare metal surface, may contribute to the formation of the oxide and probably be favoured 
by rise of temperature. A plausible explanation for the sudden rise in potential is that, 
after the oxide has completely developed on the metal surface through self-polarisation 
which extends within the temperature range from c to d, oxygen formed by the discharge 
of hydroxy] ions according to reaction (5) or by any other possible mechanism accumulates 
on the electrode surface, leading to an overvoltage effect which superimposes the reversible 
Sb-Sb,O, potential. One may assume that the oxide film initially formed on the metal is 
not completely impervious to the electrolyte, which thereby comes in contact with the 
exposed metal. Oxygen discharged on the film surface renders the film cathodic and 
current will, therefore, flow with cathodic dissolution of oxygen. The equivalent anodic 
process at the metal surface is probably deposition of oxygen with subsequent formation of 
the oxide. Any ions formed by the anodic dissolution of the metal will at once be 
precipitated by the cathodically produced hydroxyl ions migrating inwards through the 
pores, which will thus be clogged with the oxide. Under such conditions, after self- 
polarisation, thickening of the oxide layer can only take place if metal ions in the oxide 
lattice are capable of diffusion towards the metal oxide-gas interface. Since the lattice 
defects in antimony trioxide are most probably restricted to oxygen ions (/oc. cit.), diffusion 
of metal ions will not take place, and oxygen discharged by the above process will persist 
on the electrode surface, leading to the over-voltage effect. The maximum E£,’ attained 
at point e may plausibly be ascribed to the saturation of the free valency bonds through 
adsorption of oxygen. This is apparently held to the oxide surface by van der Waals 
forces rather than by chemisorption owing to the much smaller activation energy of the 
former, and because, otherwise, a higher oxide such as the tetroxide should be formed with 
subsequent increase of Ey’ to that of the Sb-Sb,O, couple, viz., 0-329 v at 25° (Simon and 
Thaler, Z. anorg. Chem., 1927, 161, 113; Latimer, of. cit., p. 328). As the temperature 
rises, owing to the small heat of adsorption, the adsorbed oxygen is removed more or less 
completely. Accordingly, at temperatures from 44° to 50°, the overvoltage contributed 
by the presence of adsorbed oxygen is diminished with rise of temperature until the film 
can no longer persist, the potential corresponding again to that (f) of the Sb-Sb,O, couple. 
That the gas film is merely adsorbed on the oxide surface by van der Waals molecular forces 
is further substantiated by the difference in potential between the minimum at c and the 
maximum at é¢, t.e., 75 mv, which corresponds to 6900 cal./mole. As is well known in the 
two distinct types of adsorption, the van der Waals and the chemisorption, the heats of 
adsorption in the former type are usually of the same order of magnitude as the heats of 
condensation of gases, whereas in the latter they are of the same order as the heats of 
chemical reactions. The heat of formation of antimony tetroxide from the trioxide and 
oxygen according to the reaction 2Sb,0,(s) + O,(g) = 2Sb,0,(s) is 27,900 cal./mole (Simon 
and Thaler, doc. cit.). On the other hand, the heat of liquefaction of oxygen is 1632 cal. /mole 
(1.C.T., 1929, Vol. I, p. 102), a value which is of the same order of magnitude as 
that experimentally observed. 

The results in air are somewhat more complicated. They can be explained on the 
premise that antimony metal possesses a great tendency to become oxidised to the trioxide 
(Po, = 0-2 x 10% atm.). Owing to the impermeability of the trioxide film to oxygen 
molecules and to the non-diffusion through it of metal ions, oxygen doublets will tend to 
persist on the electrode surface for varying periods of time, leading to the observed over- 
voltage effect which amounts, at the maximum, to about 100 and 140 mv for the plated and 
the stick electrodes, respectively. Such values correspond to only a small fraction of the 
surface being covered with oxygen. The quantity of electricity necessary to establish 
oxygen over-voltage per 100 mv is 11 x 10°¢ as compared with the value of 6 x 10°? coulombs 
for hydrogen overvoltage (Bowden, Proc. Roy. Soc., 1929, A, 125, 446). The former 
quantity corresponds approximately to 1/15 of the surface being covered with oxygen if 








2632 Studies on Some Metal Electrodes. Part IX. 


the true and the apparent surface are identical, a condition found to be valid only for liquid 
metals (Bowden and Rideal, 7bid., 1928, A, 120,59). For other metals, including antimony, 
the ratio of the true to the apparent surfaces is identical with that between the quantity of 
electricity necessary to contribute an overvoltage of 100 mv and the quantity 1! « 10° 
coulombs. For the same quantity of electricity the overvoltage on a smooth surface is 
accordingly greater than that on a spongy one. This is believec to explain the fact that 
the overvoltage effect acquired by stick electrodes is always greater by ~40 mv than that 
manifested by the plated ones, the spongy nature of the latter being more effective in 
increasing the true surface than the alternative effect of polishing on the former. 

The decrease of the Fy’ values obtained for the two types of electrode as the temperature 
is raised from 20° to 39°, may be ascribed to the partial dissolution of the trioxide with 
subsequent depolarisation of some of the oxygen doublets. A state of considerable 
stability is notably achieved with plated electrodes along the range 30—39°, manifesting 
itself in the small temperature coefficient (—1 mv/°c). It is probable that at this stage 
portions of the bare metal become exposed to the solution, leading to the formation of 
SbO* ions. The potential, which approaches that of the Sb-SbO* couple, corresponds at 
the same time to a metal-metal oxide potential governed by a certain oxygen overvoltage 
effect. This follows in accordance with the principle that when at a given electrode two 
distinct electrochemical processes can take place corresponding to two different potentials, 
a reaction will tend to occur between the substances concerned of such a sort as to equalise 
the two potentials (Lewis, J. Amer. Chem. Soc., 1906, 28, 158). It may be duly recognised 
that oxygen formed by the discharge of hydroxyl ions should contribute to the redevelop- 
ment of the oxide and thus tend to counteract the depolarising effect of increasing 
temperature. When a more or less complete layer of the oxide is formed, oxygen will 
accumulate on its surface, leading to the sudden rise in potential above 39°. As already 
pointed out, adsorbed oxygen is loosely held to the oxide surface by molecular forces. 
This explains the considerable fall in potential observed as the temperature is slightly 
raised above 49° and 44° for the plated and the stick electrodes, respectively, a process 
which may ultimately lead to the attainment of the metal-metal oxide potential. 

A remarkable feature of the results obtained with both types of electrode in and out of 
contact with air is that the minima on the curves followed by sudden rise in potential occur 
almost at the same temperature of ~40°. This temperature lies within the range of 
temperatures at which the rate of thermal decomposition of hydrogen peroxide is a 
maximum, 1.e., at 35—45° in the presence and at 45—50° in the absence of a catalyst 
(Galecki and Jerke, Rocz. Chem.,1927,7,1; Eizi Suito, Rev. Phys. Chem. Japan, 1941, 15,1). 
This seems to be consistent with the hydrogen peroxide theory of electrolytic oxidation 
(Glasstone and Hickling, Chem. Reviews, 1939, 25, 407). We are still investigating this 
point. 

Recently, El Wakkad (J., 1950, 2894) questioned whether the behaviour of the antimony 
electrode in air was governed by an oxygen overvoltage effect which led to its functioning 
as a metal-metal oxide—oxygen electrode ; he inferred “‘ that the irregularities were caused 
by the gradual formation of a higher oxide (tetroxide) on the electrode and by its exceedingly 
slow attainment of equilibrium which depends upon the supply of oxygen as well as on the 
surface of the metal exposed.’’ As was previously shown (Tourky and Mousa, Joc. cit.), the 
E,’ values obtained by many previous authors in air fluctuate, under a variety of conditions, 
within the narrow limits 220—280 mv, so that if a higher oxide is formed, a definite ratio 
must obtain between the amounts of lower and higher oxide present. The slow formation 
of a higher oxide requires, further, that the potential initially set should approach the 
thermodynamic value for the Sb-Sb,O, couple (0-152 v at 25°), then increasing gradually 
as the presumably higher oxide is progressively formed. No value lower than 220 mv for 
the massive and the electrodeposited electrodes has ever been reported. The surplus in 
potential of about 100 mv or more seems to be a general phenomenon manifesting itself in 
metal-metal oxide electrodes with oxygen-deficient oxide lattices: it has been observed 
with arsenic (Tourky and Mousa, loc. cit.), bismuth and molybdenum electrodes (to be 
published). In most of these metals higher oxides are either incapable of existing in 
contact with the metal or cannot be formed under the prevailing conditions on the electrode 
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surface. Under conditions favouring the formation of a layer of hydrogen on the metal 
or metal oxide surface as with nickel, the potentials set up in air are found to be 100 mv or 
more lower than the thermodynamic values (to be published). In agreement with Bowden 
and Rideal’s findings (/oc. cit.) that such changes of electrode potential are associated with 
the deposition of hydrogen doublets, there is no way of attributing such a decrease except to 
a certain hydrogen overvoltage effect. Further evidence for the theory of adsorbed gas 
layers is provided by the present investigation. 

The inference (E] Wakkad, Joc. cit.) that the persistence of oxygen doublets on the 
electrode surface necessitates the formation of a unimolecular layer of the oxide is also 
untenable, since the theory of lattice defects requires that a well-formed lattice several 
molecules thick should be formed on the metal. It is only when such a lattice is formed 
that the rate of oxidation is restricted to either the diffusion or the non-diffusion of metal 
atoms or ions towards the oxide—gas interface according to the nature of defects in the 
lattice. Conclusions regarding the thickening of the oxide from polarisation experiments 
are not in line with the theory, since under such conditions atomic oxygen initially deposited 
is apt to diffuse through the oxide. 
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498. Structure—Property Relationships in Polyethylene 
Terephthalate Co-polyesters. Part I. Melting Points. 


By O. B. EDGAR AND E. ELLERY. 


The melting points of polyethylene terephthalate/adipate and poly- 
ethylene terephthalate/sebacate co-polymers have been measured by a 
penetrometer method. The melting points of co-polymers containing more 
than 40 mol. % of ethylene terephthalate units were, for a given molar 
composition, approximately the same in the two series, and the X-ray 
diffraction patterns of such polymers were essentially those of polyethylene 
terephthalate itself but with increased amorphous scattering. Flory’s rela- 
tionship (J. Chem. Phys., 1949, 17, 223) between the crystallite melting 
point, 7,,, and the “‘ mole ’’ fraction X, of the units forming the crystallites 
was found to hold for values of X between 1-0 and 0-7, though for lower 
values of X the melting points were lower than the calculated values. 
The latent heat of fusion, calculated from the slope of the In X—1/T7,, curve 
as X approaches unity, is similar to that for the aliphatic polyesters and 
indicates that the high melting point of polyethylene terephthalate is due 
to chain rigidity, rather than to strong interchain attraction. 


THE high melting points of the polyesters obtained by condensation of glycols with tere- 
phthalic acid and other symmetrical aromatic dibasic acids (Whinfield, Nature, 1946, 158, 
930; Hill and Walker, J. Polymer Sct., 1948, 3, 619) are of both academic and technical 
interest. During the last few years we have been studying the properties of the co-poly- 
esters between the high-melting polyethylene terephthalate (m. p. 267°) and the low-melting 
polymers polyethylene adipate (m. p. 47°) and polyethylene sebacate (70°). The present 
paper deals with the relations between melting point and composition in these co-polymers ; 
Part II (following paper) deals with second-order transition points. These two properties 
taken together throw much light on the remarkable differences existing between the 
aliphatic and the aromatic polyesters. 

The study of crystallite melting points in polymers is complicated by the fact that 
melting generally occurs over a temperature range which may be many degrees wide and 
the absolute position of which depends to some extent on the temperature at which the 
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crystallisation occurred. Fortunately, with the polymers studied in this work, the differ- 
ences in melting point due to structural factors are so large that these other factors are of less 
importance. We have chosen as our definition of melting point the temperature at which 
the polymer collapses under the load of a penetrometer, this being the temperature of 
practical importance in operations such as melt-spinning and extrusion. However, Flory 
(loc. cit.) has recently defined the melting point as the upper limit of the melting range, #.e., 
the temperature at which all equilibrium crystallinity disappears, and Evans, Mighton, and 
Flory (J. Amer. Chem. Soc., 1950, 72, 2018) have measured this temperature by direct 
observation of the disappearance of crystallites. The validity of the interpretation of our 
results by means of Flory’s theory thus depends upon the degree to which the melting points 
as measured by the penetrometer method approximate to those defined by the theory. 
Since it is difficult to imagine the occurrence of any flow of the type observed at the penetro- 
meter melting point whilst any appreciable degree of crystallinity remains, this approxim- 
ation should in general be quite close (within 1—2°), though perhaps with co-polymers having 
a very wide melting range the discrepancy may be larger. 

The common method of measuring the melting points of polymers by observing the 
temperature at which they stick when pressed on a copper block may indicate the beginning 
of the melting range, and we found it to be very dependent on the degree of crystallinity. 
In moving down the co-polymer series from 100°, polyethylene terephthalate, the difference 
between the penetrometer melting points and the sticking points increased as the room- 
temperature degree of crystallinity fell. Prolonged annealing just below the melting point 
raised the sticking point to within a few degrees of the penetrometer melting point. 

The sticking points and penetrometer melting points in the two series of co-polymers are 
presented in Tables 1 and 2, and the melting point-composition diagrams for the two 


Table 1. Polyethylene terephthalate/adipate co-polymers. 
Initial molar Final molar Sticking Penetro- 
compn. meter m. p. Remarks 
267° 


237 Hard and crystalline. Melt spins to 
drawable fibre 


Crystalline, but softer 

Crystalline, flexible, soluble in CHC], 
Crystallises slowly. Rubbery 
Sticky viscous liquid 

Crystallises over several weeks 
Crystallises very slowly 

Crystalline and flexible 


* R.T. = Room temperature. 


series are shown together in Fig. 1. The most important feature of this diagram is that 
over the composition range 100—40 “‘ mol.’’ % of ethylene terephthalate the melting points 
of the two series lie on a common curve, 1.¢., the melting point is determined by the molar 
fraction of the ethylene terephthalate units, independently of the other component. This 
is in agreement with the theory and with the observations of Evans, Mighton, and Flory 
(loc. cit.) in other co-polymer systems. The X-ray diffraction patterns (Plate) show that 
over the range in which the melting points in the two series lie on a common curve, the 
crystallinity is due to ethylene terephthalate units, with an increasing amount of amorphous 
scattering as the proportion of the aliphatic component is increased. The co-polymers 
containing less than 30 mol. °% of ethylene terephthalate units showed the X-ray diffraction 
pattern of the aliphatic polyester, and their melting points lie on two separate new curves, 
characteristic of the aliphatic polyesters. 

The ability of the ethylene terephthalate units to form crystallites when present at a 








X-Ray diffraction patterns of polyethylene terephthalate /sebacate co-polymers 
Cu-Ka radiation; flat-film photographs. 


A, 100.0 B, 80/20 C, 70/30 
D, 63/35 E, 60 40 F, 50 50 
G, 40 60 H, 3070 I, 0/100 
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molar fraction as low as 0-5 is rather remarkable. If the two kinds of repeating unit are 
scattered at random along the polymer chains, then when they are present in equal numbers 
the frequency of occurrence of long sequences of any one kind of unit must be very low, 
most of the units occurring singly or in groups of two or three. Thus the persistence of 
crystallinity at the 50/50 molar composition suggests that quite short sequences of ethylene 
terephthalate units can take part in crystallite formation. The other alternative is that the 
distribution is not random, owing to differences in the rates of condensation of the aromatic 


270° 
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Fic. 1. Melting point v. molar composition 
diagram for polyethylene terephthalate co- 
polymers. 
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and aliphatic components. It is most probable, however, that the process of ester-inter- 
change which has been shown to occur in polyesters (Flory, J. Amer. Chem. Soc., 1942, 64, 
2205) would rapidly lead to a random distribution even if the initial condensation did not. 


Table 2. Polyethylene terephthalate/sebacate co-polymers. 


Initial molar Inherent Sticking Penetro- 
viscosity point meter, m. p. Remarks 


0-48 22 Crystalline. Melt spins to drawable fibres 
0-41 Crystalline. Elastic fibres 

0-66 Elastic fibres. Soluble in CHC], 

0-69 » ” ” 

0-73 Semi-crystalline. Rubbery 

0-63 Very rubbery. Crystallises slowly 

0-81 ” ” ” 

0-82 ” ” 7 

1-03 Crystalline. Rubbery 

1-17 Crystalline. Flexible 


According to Flory’s theory the temperature T,, at which equilibrium crystallinity in a 
co-polymer disappears is related to the mol.-fraction X of the units forming the crystallites 
by the equation 


1/Tm — 1/Tn® = — (R/h,) In X 








2636 Edgar and Ellery: Structure-Property Relationships in 


where T,,° is the melting point when X = 1, and h, is the heat of fusion per repeating unit. 
This relation predicts that the plot of 1/T,, against —In X should be a straight line of slope 
R/h,, and in Fig. 2 we have plotted these quantities, using the observed data for the tere- 
phthalate; jadipate and terephthalate /sebacate series of co-polymers, covering the composition 
range X = 1-0—0-4. Down to X = 0-7 the data fit fairly well on to a straight line, though 
at lower values of X, the melting points are lower than the theoretical. From the slope of 
the straight line in Fig. 2, the value of h,,, the heat of fusion per ethylene terephthalate unit, 
is calculated to be about 2200 cal., which, rather surprisingly, is less than the corresponding 
values for the aliphatic polyesters calculated in a similar manner. Table 3 shows the heats 


and entropies (S,,) of fusion of the three polyesters, the latter being calculated from the 
relationship S, = h,/T. 


. ; F ? Fic. 3. Penetrometer curves 
Fic.2. Plot of 1/Tm against — 1n X for polyethylene 


terephthalate co-polymers. 
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This result indicates that the high melting point of polyethylene terephthalate is due to 
the remarkably low entropy of fusion rather than to the high inter-chain forces. Unfor- 
tunately, the values of the heat and entropies of fusion calculated in this way cannot be 
accepted without reserve. In their work on polydecamethylene adipate and polydeca- 
methylene sebacate, Evans, Mighton, and Flory (loc. cit.) found that the values of h,, 


Table 3. Heats and entropies of fusion of crystalline polyesters. 


Polyethylene polyester 
Terephthalate 
Adipate 
Sebacate 


S, per repeat unit, cal./deg. 


calculated from the melting points of co-polymers were much lower than those obtained 
from measurements of the depression of the melting point by the addition of simple organic 
compounds, or from the melting points of low-molecular-weight polymers. However, 
although the values in Table 3 are almost certainly too low, yet the general conclusions 
that the heats of fusion of the three polyesters are similar, and that the presence of the 
p-phenylene grouping greatly reduces the entropy of fusion, are probably true. 


EXPERIMENTAL 


Preparation of Co-polymers.—Because of the very low solubility of terephthalic acid in 
ethylene glycol it was not convenient to prepare the co-polymers by direct condensation of the 
mixed acids with an equimolar quantity of ethylene glycol. The preparations were carried out 
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by heating together in vacuo the appropriate quantities of the bis-2-hydroxyethyl esters of 
terephthalic and of either adipic or sebacic acid. These low-molecular-weight esters, which we 
will refer as to ‘‘ monomers,”’ were not isolated, but used as their mixtures with free ethylene 
glycol and probably some low polymer. 

Ethylene Terephthalate ‘‘ Monomer.’’—In a 3-1. flask fitted with a stirrer and a short, unpacked 
column leading to a condenser and receiver were placed 1164 g. (6-0 moles) of dimethyl terephthal- 
ate, 1116 g. (18-0 moles) of ethylene glycol, and 0-2 g. of litharge (ester-interchange catalyst). 
The flask was heated in an air-bath so that methanol distilled steadily with the column head at 
ca. 70° until the theoretical amount had been collected. Towards the end of the reaction the 
head temperature rose rapidly as glycol appeared in the distillate. Ethylene glycol (100 c.c.) 
was then distilled off, and the melt poured out on an enamelled tray and allowed to crystallise. 
The composition of the product was then calculated in terms of weight per mole of terephthalic 
acid. 

Ethylene Adipate and Ethylene Sebacate.—In a 3-1. flask similarly equipped were placed 876 g. 
(6 moles) of adipic acid and 744 g. (12 moles) of ethylene glycol. The flask was heated in an oil- 
bath at 180—200° so that water distilled over with the column head at 100—105°. _Esterification 
was continued until the acid value of the melt was essentially zero and the theoretical volume of 
water had been collected. Ethylene sebacate ‘‘ monomer ’’ was prepared in a similar manner, 
the adipic acid being replaced by 1212 g. (6 moles) of sebacic acid. Each preparation was 
assumed to contain 6 molar equivalents of the bis-2-hydroxyethy] ester. 
Polycondensation.—The co-polymers were prepared by mixing suitable quantities of the 
two ‘‘ monomers ”’ in the desired molar ratio, in a 2-1. flask fitted with a vacuum-tight stirrer, a 
wide-bore take-off leading to a condenser and receiver, and a gas inlet. The flask was heated 
in an oil-bath at 220—260° and, when distillation of glycol at atmospheric pressure ceased, the 
pressure was slowly reduced to 0-2—0-3 mm. Hg. Condensation with elimination of glycol 
was continued under these conditions with stirring, until the melt reached a very high viscosity, 
usually in 6—10 hours. 

It was found in the preparation of polymers containing adipic acid that, if the oil temperature 
exceeded 230°, the polymers were badly discoloured and small amounts of cyclopentanone col- 
lected in the solid carbon dioxide traps of the pumping system. Because of the higher m. p.s 
of co-polymers containing 10 and 20 mol. % of ethylene adipate, the polymerisation temperature 
in these cases had to be raised to ca. 250°, but the remaining adipate co-polymers were prepared 
at 220°. This difficulty did not arise in the preparation of the sebacate co-polymers, and 
polymers of good colour were obtained at 260°. There were signs, however (odour and, in some 
cases, appearance of a crystalline substance in the condenser), of a slight tendency to form cyclic 
ethylene sebacate, particularly in co-polymers rich in sebacate. 

Polymer Characterisation.—Some measurement of molecular weights was required to demon- 
strate that they had been raised beyond the level at which the m. p. becomes constant (probably 
2000—3000). Inherent viscosities of the polyethylene terephthalate /sebacate co-polymers were 
measured at 25° by using a 0-5% solution of the polymer in a mixture of phenol and tetra- 
chloroethane (60/40 w/w). Chloroform was an unsuitable solvent because of its inability to 
dissolve polymers containing more than 70 mol. % of ethylene terephthalate; it also gave a 
very flat viscosity—-molecular weight relation so that the results were of little use in deciding 
whether a high polymer had actually been obtained. In the terephthalate /adipate series some 
attempts were made to measure the molecular weights by end-group analysis. Hydroxyl end- 
groups were measured by acetylation with a pyridine—acetic anhydride reagent, and carboxyl 
end-groups by titration with 0-1N-alcoholic potash. Chloroform was used as solvent in the 
titrations, but again the method was limited to polymers containing less than 70 mol. % of 
ethylene terephthalate. Results were very erratic but served to show that the molecular 
weights were certainly over 5000 and probably about 10,000. The inherent viscosities quoted in 
Table 2 for the terephthalate/sebacate polymers give a similar assurance that the molecular 
weights were sufficiently high not to affect the m. p. 

Gravimetric Analysis.—Some of the terephthalate /adipate co-polymers were analysed for 
terephthalic acid in order to determine to what extent adipic acid was lost during polymerisation 
through either decomposition to cyclopentanone or formation of cyclic ethylene adipate. 1-0 G. 
of polymer was refluxed gently with 50 c.c. of 20% aqueous potassium hydoxide until com- 
pletely dissolved. The solution was acidified at the boil, then cooled, and the terephthalic 
acid filtered off on a weighed Jena crucible, and washed with water to constant dry weight. 
The results obtained are shown in Table 1, and indicate that there was no serious change in the 
molar ratio of the dibasic acids during polymerisation. The method was unsatisfactory when 
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applied to the terephthalate /sebacate co-polymers because of the low solubility of sebacic acid in 
water. 

Melting Points.—The sticking points were determined by pressing a small piece of the 
polymer on a clean copper block, drilled at the side to take the bulb of a thermometer, and 
heated underneath by a micro-burner. The sticking point was taken as the temperature at 
which, when the sample was pulled away, a small spot of polymer remained behind on the block. 

The penetrometer m. p.s were measured in an apparatus which consisted essentially of a 
vertical steel spindle 8” long and }” in diameter fixed in a rigid frame so as to move freely ina 
vertical direction. The upper end of the spindle was pointed to give a sharp contact with the 
foot of a micrometer (reading to 0-0001’) which was rigidly fastened to the top of the frame, 
and the gap was connected in series with a small torch bulb and an accumulator. The top of the 
spindle could thus be located accurately by screwing down the micrometer until the bulb lit. 
About half-way down the spindle was a circular flange to carry a weight which was adjusted so 
that the total weight of the spindle and its attachments was 150g. The sample, cut in the form 
ofa flat disc about 4” in diameter and }” thick, with parallel sides roughened to prevent slipping, 
was placed on the base plate of the frame under the lower end of the spindle and the lower half 
of the apparatus was immersed in a silicone oil-bath. The temperature of the bath was raised 
at 1°/min. and micrometer readings were taken at one minute intervals. 

Typical curves obtained are illustrated in Fig. 3. Highly crystalline polymers such as poly- 
ethylene terephthalate give a sharp collapse point (curve C) but the co-polymers in general 
gave more rounded curves (curves A and B) the width of which gives an indication of the broad 
melting range. In these cases the m. p. was taken as the intersection of the tangents to the two 
arms of the curve. It is noteworthy that in the case of the 40/60 terephthalate /sebacate co- 
polymer (curve A) there seem to be two distinct discontinuities, at 35° and 71°. By reference to 
Fig. 2 it will be seen that these are the expected m. p.s of ethylene sebacate and ethylene tere- 
phthalate crystallites, respectively, at that particular composition. 


The authors thank Dr. C. J. Brown for the X-ray diffraction pictures and Dr. D. B. Kelly 
who devised the penetrometer and supervised the melting-point determinations. 
Some of the polymers described are the subject of patent applications. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 
HEXAGON House, BLACKLEY, MANCHESTER, 9. [Received, November 24th, 1951.) 


499. Structure-Property Relationships in Polyethylene Terephthalate 
Co-polyesters. Part II.* Second-order Transition Temperatures. 


By O. B. EpGaAR. 


The application of the penetrometer technique, described in Part I,* to 
quenched polymers provides a new method for the measurement of second- 
order transition temperatures. Onapplication of this method to co-polyesters 
of polyethylene terephthalate containing as the modifying component varying 
proportions of the polymethylenedicarboxylic acids the second-order tran- 
sition temperature was found to bea linear function of the number of p-phenyl- 
ene groups per 100 aliphatic chain atoms. Anomalies were observed when the 
modifying component was either 1: 2-propylene glycol or diphenyl-4: 4’- 
dicarboxylic acid. It is suggested that the p-phenylene groups have little 
effect on inter-chain forces but cause a marked increase in chain stiffness by 
reducing the possibilities of change of shape available to a given length of 
chain. This stiffening effect also accounts for the low entropy of crystallis- 
ation and consequent high melting point of polyethylene terephthalate. 


THE second-order transition temperature of a polymer is generally measured by studying 
the variation with temperature of some primary property of the polymer such as specific 
volume, heat capacity, or refractive index. The transition point is then indicated by a 
fairly sharp change in the slope of the property-temperature curve, ¢.g., a sudden change 


* Part I, preceding paper 
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in the coefficient of expansion. The actual value obtained varies slightly according to the 
particular property chosen and to the time scale of the experiment, but such variations are 
usually small. Although there may be some ambiguity about the exact value of the 
transition point, yet it certainly indicates a temperature region in which the polymer pro- 
perties undergo marked changes. For instance, below the transition range an amorphous 
polymer is hard, glassy, and often brittle, whereas above it, it becomes first a plastic and 
then at higher temperatures either a liquid or a rubber according to molecular weight. If 
crystallisation is possible this process will also commence a little way above the transition 
point. A comprehensive review of second-order transition phenomena and the theories 
associated with them has been made by Boyer and Spencer (‘‘ Advances in Colloid Science,’ 
Vol. II, Interscience Publishers, Inc., New York, 1946). 

Polyethylene terephthalate differs from the aliphatic polyesters, not only in melting 
point, as discussed in Part I,* but also in having a much higher second-order transition 
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temperature. Thus on rapid quenching of the molten polymer to room temperature it can 
be obtained in a transparent, amorphous condition, softening and beginning to crystallise 
slowly at 80—90°. In order to observe this type of behaviour with polyethylene adipate 
it is necessary to quench the molten polymer in a bath at —80° or below. Many of the 
co-polymers of polyethylene terephthalate, in which various proportions of the terephthalic 
acid were replaced by aliphatic dibasic acids, had transition points below room temperature, 
and it was impossible to make measurements on them by Kolb and Izard’s dilatometric 
technique (J. Appl. Phys., 1949, 20, 564). Consequently, a method had to be employed 
which allowed the transition point to be observed immediately after quenching of the 
sample, before crystallisation set in. 

In Part I, the use of a penetrometer for the measurement of crystallite melting points 
was described. Further development of this method by F. D. Hartley and F. W. Lord 
in these laboratories has led to a technique whereby the apparatus can be used to measure 
second-order transition temperatures. In general outline the method is to plunge a small 
tray containing molten polymer into a silicone oil-bath cooled to at least 30° below the 
expected transition temperature. The foot of the loaded penetrometer is immediately 
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placed on the quenched sample, and the bath allowed to become warm. As the bath 
temperature enters the transition range some flow commences and the penetration— 
temperature curve (Fig. 1), originally horizontal (A—8B), shows a gradual curve upwards. 
At a definite reproducible temperature, however, the rate of penetration suddenly increases, 
giving a discontinuity (C) in the curve. In many cases further penetration was prevented 
a few degrees above C by the onset of crystallisation. With amorphous polyethylene 
terephthalate itself this discontinuity always occurred in the region 67—69°, which is in 
good agreement with the second-order transition temperature measured by the dilatometric 
method, both in these laboratories and by Kolb and Izard (loc. cit.). There is therefore 
some justification for regarding the discontinuity C in the temperature—deformation curves 
of other polymers as the second-order transition point. 

This method has been applied to the polyethylene terephthalate co-polymers containing, 
as second components, oxalic, succinic, glutaric, adipic, and sebacic acids, diphenyl-4 : 4’- 
dicarboxylic acid, and propane-] : 2-diol, with the results presented in the table. Poly- 
ethylene sebacate itself could not be quenched, and crystallised in the bath at —80°. This 


Second-order transition temperatures of polyethylene terephthalate co-polymers. 
: Second-order transition temperature 
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also occurred with all co-polymers containing more than 40 mol.-°%% of diphenyl-4 : 4’- 
dicarboxylic acid. The reproducibility of transition points above room temperature was 
within -+-1°, but worsened to -+-5° for the very low transition points. There may also be 
errors up to several units % in the compositions of the polymers due to the preparative 
conditions, as indicated in Part I (loc. ctt.). 

Inspection of the table shows immediately that the second-order transition temperature, 
unlike the crystallite melting point, is not simply a function of the molar proportions of the 
constituents in the co-polymer but depends significantly on the nature of the second 
component. In considering the co-polymers containing the aliphatic dibasic acid residues, 
two trends are apparent. The second-order transition point is lowered when either (a) the 
molar proportion of the aliphatic component is increased or (6) at any one molar composition 
the chain length of the aliphatic component is increased. It is clear, then, that in the 
polyethylene terephthalate co-polymers, the second-order transition temperature is deter- 
mined by the relative amount of aromatic and aliphatic material present, irrespective of 
whether the latter be present in many short segments (e.g., as succinate residues) or fewer 
longer sections (e.g., sebacate residues). 

The second-order transition temperature of a polymer is generally regarded as a measure 
of the flexibility of the chain molecules : the more flexible the chains, the lower the transi- 
tion point. Thus the aliphatic polyesters, which are believed to have very flexible chains, 
have second-order transition points of the order of —70° (1.e., in the same region as natural 
rubber). The increase of second-order transition temperature on introduction of p-phenyl- 
ene groups into polyester chains may, therefore, be due to a stiffening effect of those 
groups, which may be accounted for in the following way. Suppose that into a segment of a 
saturated aliphatic chain, consisting of 100 chain atoms (7.e., 100 single bonds), are intro- 
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duced N #-phenylene groups. For each group this can be imagined to occur by the 
opening of a C-C bond and the insertion of the #-phenylene group, thus 


ac.» cf Yc 
If the average mass per bond in the aliphatic polyester is m and the mass of the p-phenylene 
group is M, then the mass of the segment is increased from 100m to 100m 4+ NM. Owing 
to the linearity of the ~-phenylene groups, however, their presence does not increase the 
number of configurations which the segment can assume (the orientation of the phenylene 
groups about their axes being ignored). Hence, since the segment now has a greater mass 
associated with only the same number of possible configurations, we can say that it is 
stiffer by the factor (100m + NM)/100m = 1+ MN/100m. Putting M = 76 (for 


Fic. 2. Variation of second-order transition temperature with concentration of p-phenylene groups. 
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C,H,) and m = 17-2 (the molecular weight of the ethylene adipate repeat unit divided by 
the number of chain atoms per unit), we have 


Stiffness factor = 1 + 0-044N . ’ : ‘ ‘ » 


In Fig. 2 the second-order transition temperatures (T,) of the co-polyesters are plotted 


against N (data for the co-polymers containing propylene glycol could not be included, 
since in that series N is a constant). 


It is clear that the second-order transition temperature is itself a linear function of N, 
for values of N up to 16-67 (for polyethylene terephthalate itself), though the co-polymers 
containing dipheny]-4 : 4’-dicarboxylic acid, which have higher values of N, are anomalous 
in this respect. The straight line drawn in Fig. 2 has the equation 


T, — (8-7N cm 68)° Cc 
which can be written in the form 
T, = T,(1 + 0-042N)° k 


where Ty = 205° k, the second-order transition temperature of polyethylene adipate. 


The factor 1 + 0-042N is in close agreement with the “ stiffness factor ’’ of equation (1), 
8G 
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which strongly suggests that the second-order transition temperature is directly propor- 
tional to the mass of polymer per chain bond. (In the foregoing argument it was assumed 
that chain flexibility was determined by the number of chain bonds in unit mass of chain. 
This was convenient in that the masses of the various units in the chain are accurately 
known constants. It may be, however, that a theoretical examination would show that 
units of either volume or length would be preferable. Calculations of the “‘ stiffness factor ’’ 
by means of known bond lengths and molar volumes, which are less reliable than molecular 
weights, gave equally close agreement with experiment.) 

According to this treatment of the experimental data, all purely aliphatic saturated 
chains should be equally flexible. The small differences in the second-order transition 
temperatures of the various aliphatic polyesters, polythene, and the rubbers indicate that 
this is not so, owing either to inter- or to intra-chain effects or to both. Such differences, 
however, are clearly of minor importance in comparison with the effect on flexibility of the 
p-phenylene groups. 

A further consequence of equation (2) is that the use of diphenyl-4 : 4’-dicarboxylic 
acid as the second component in polyethylene terephthalate co-polymers should lead to an 
elevation of the transition point. This was realised with the 90/10 co-polymer, but in- 
creased proportions of diphenyldicarboxylic acid failed to raise the transition temperature 
above 90°. This may be due to a molecular-weight effect. In preparing these co-polymers, 
the polymerisation was carried out until the melt viscosity was too high for stirring with 
ordinary laboratory equipment, so it is possible that with these highly rigid chain polymers 
the maximum melt viscosity was obtained when the molecular weight was still low. Thus 
the series may represent a series of descending molecular weight, which would account for 
the approximate constancy of the transition point in that series at 90°. 

In the propylene glycol series of co-polymers, the chain skeleton is the same as in 
polyethylene terephthalate throughout the series, the various members of the series differing 
only in the number of lateral methyl groups. Therefore, if equation (2) is of general 
application, the second-order transition temperature should remain constant in this series. 
This is not so, though the range of the variation of the transition point is much smaller than 
in the other co-polymer series. The first 10 mol.°% of propylene glycol produces a remark- 
able fall in the transition point (about 24°), after which it rises slowly again, almost linearly, 
to 68° for polypropylene terephthalate. It seems likely that these variations are due to 
inter- rather than intra-molecular relationships. Thus the initial drop may be due to the 
lateral methyl groups increasing the inter-chain spacing and so reducing cohesion, and the 
subsequent slow rise to 68° might be due to steric hindrance between the methyl groups of 
adjacent chains (as, e.g., in polystyrene the interaction of pendant phenyl groups leads to a 
high T,). 

The importance of such inter-chain effects is thus emphasised, and it becomes clear 
that the simple relation expressed in equation (2) was only apparent because the inter- 
chain forces in amorphous polyethylene terephthalate are very similar in magnitude to those 
of the aliphatic polyesters. As with the heats of crystallisation of polyesters (Part I, 
loc. cit.), therefore, there is again no evidence of any strong interaction between the 
phenylene groups of adjacent chains. 

In Part I it was shown that the high melting point of polyethylene terephthalate was due 
to chain stiffness (i.e., low entropy of fusion) rather than to an abnormally high heat of 
fusion. Since the second-order transition temperature is also high for the same reason, 
one might expect to find some quantitative relation between the two temperatures. In the 
following table the melting point and second-order transition temperature of polyethylene 
terephthalate are compared with those of polyethylene adipate, its closest aliphatic 
analogue. It will be seen that the replacement of the adipate by the terephthalate radical 
raises both the melting point and the transition point by the same factor, viz., 1-69, which is 
very close to that calculated from equation (1). 


Polyethylene terephthalate Polyethylene adipate Ratio 


540 320 1-69 
342 203 1-68 
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For polyethylene terephthalate, which has six aliphatic chain atoms between p- 
phenylene groups, N = 100/6, which gives the theoretical stiffening factor the value 1-74. 
Therefore, providing that the heats of fusion of the two polymers are actually equal, it 
seems that the entropy of fusion is inversely proportional to the number of chain bonds per 
repeating unit (t.e., bonds about which rotation leading to change of shape can occur). 


EXPERIMENTAL 


Preparation of the Co-polymers.—The co-polymers containing adipic and sebacic acids were 
prepared as in Part I. For those containing glutaric, succinic, and oxalic acids it was found 
more convenient to heat the aliphatic acid directly with the bis-2-hydroxyethyl terephthalate 
at 200° for 5 hours. When the esterification was complete the resultant low polymer was 
further condensed by raising the temperature to 260°, reducing the pressure slowly to 0-3 mm. 
Hg, and stirring under these conditions for 6 hours. 

Co-polymers containing propane-1 : 2-diol were prepared by first making low-molecular 
weight polymers of ethylene and 1-methylethylene terephthalate, and later further polymerising 
a mixture of the two in the required ratio by stirring at 270°/0-5 mm. Hg for 6 hours. This tech- 
nique reduced to a minimum the risk of composition errors due to one of the glycols being more 
rapidly eliminated than the other. Ethylene terephthalate ‘“‘ monomer ’’ was prepared as 
described in Part I, and converted into the low polymer by further removal of ethylene glycol 
at 260°/10 mm. for 1 hour. The l-methylethylene terephthalate low polymer was prepared in a 
similar manner. 

Co-polymers containing diphenyl-4: 4’-dicarboxylic acid were prepared by stirring at 
260°/0-5 mm. for 6 hours a mixture of ethylene terephthalate and ethylene diphenyl-4 : 4’- 
dicarboxylate ‘‘ monomers ”’ (1.e., the bis-2-hydroxyethyl esters) in the required ratios. The 
latter ‘‘ monomer ”’ was prepared as follows: 59-6 G. of diethyl diphenyl-4 : 4’-dicarboxylate, 
31-0 g. of ethylene glycol, and 0-02 g. of litharge were heated in an aniline vapour-bath for 
7 hours and in an ethylene glycol vapour-bath for 3 hours, distillation then ceasing. When 
cold, the residual ‘“‘ monomer ’”’ was a white, microcrystalline mass; the yield was 68-0 g. 
(assumed to be equivalent to 0-2 mol. of bis-2-hydroxyethy] diphenyl-4 : 4’-dicarboxylate). 

Measurement of Second-order Transition Temperatures—The penetrometer was essentially 
the same as that described for the measurement of m. p.s (Part I), but the load on the spindle 
was increased to give a total load of 1000 g. Manual operation of the screw-type micrometer 
was found to be unsuitable, leading to erratic readings, and much smoother results were obtained 
by using a dial gauge micrometer reading to 0-0001”. 

A small tray, 0-5” square and 0-25” deep, was made out of aluminium foil and placed on a 
copper block heated by a micro-burner. Sufficient polymer to half-fill the tray was melted in it, 
with a stream of nitrogen being directed on the block to avoid oxidation. When the molten 
sample was bubble-free, the tray was immediately plunged into the silicone oil-bath of the 
penetrometer, which had previously been cooled to about 30° below the expected transition 
point. Whilst the sample was still soft, the bottom of the spindle was allowed to rest 
lightly on the surface of the polymer, to ensure even contact. When the sample had attained 
the temperature of the bath, the full load of the penetrometer was allowed to bear on it, and 
the bath temperature was raised at the rate of 1°/min. The gauge readings, taken at 2° intervals, 
were plotted against temperature, giving the type of curve shown in Fig. 1. 


The author thanks Mr. F. Lord for carrying out the second-order transition-point measure- 
ments. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 
HEXAGON HovusE, BLACKLEY, MANCHESTER 9. [Received, November 24th, 1951.) 
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500. The Chemistry of The Wood Cell Wall. Part I. The Deligni- 
fication of Beech and Spruce Woods by Sodium Chlorite in Buffered 
Aqueous Solution.* 


By (the late) W. G. CAMPBELL and I. R. C. McDONALD. 


In the delignification of European beech (Fagus sylvatica) and Sitka 
spruce (Picea sitchensis) by aqueous solutions of sodium chlorite, buffered at 
pH 6-3, at 50° and 70°, some 90% of the acid lignin can be removed from 
each wood without significant loss of polysaccharide, but attempts to 
delignify the wood residues further cause appreciable loss. Chemical 
analysis of some partly delignified residues, containing 5—90% of the original 
acid lignin, indicated that there was retained in the wood residues a modific- 
ation of lignin which is not determined by the 72% sulphuric acid method. 
The total percentage of polysaccharide present in each wood is considerably 
less than 100—¥*, where x is the acid lignin content of the original wood; 
therefore it may be inferred that x does not equal the total native lignin 
content of the wood. Any determination of “ holocellulose’’’ based on a 
yield equivalent to the formula 100—¥% is erroneous because even though 
the acid lignin content may be small there is also present a large proportion of 
“ modified lignin.”’ 


ATTEMPTs to isolate the entire polysaccharide portion of the wood cell wall, Schmidt’s 
““ skeletal substance ’’ (Cellulosechem., 1931, 7, 201; 1932, 8—9, 129), or Ritter’s ‘“‘ holo- 
cellulose ’’ (Ind. Eng. Chem., 1933, 25, 1250), have been unsuccessful because the complete 
delignification of wood by any of the known methods is invariably accompanied by some 
loss of polysaccharides. Jayme (Cellulosechem., 1942, 20, 43) first suggested that, in the 
determination of ‘‘ holocellulose’’ by means of acidified sodium chlorite, delignification 
should be arrested when the residue still contains a small amount of lignin—about 3° on an 
original wood basis. The residue is then weighed, the acid lignin determined, and the so- 
called lignin-free holocellulose calculated. When this procedure was used, the percentage 
of holocellulose was comparable with that given by the formula 100—-, where «x is the lignin 
content of the original wood as determined by the standard methods. While agreeing with 
Jayme (loc. cit.) that it was desirable to isolate a partly delignified residue and to correct 
for its small acid lignin content, Wise, Murphy, and D’Addieco (Paper Trade J., 1946, 122, 
T.A.P.P.I. Sect. 11), working with aspen, showed that the accuracy that had been claimed for 
summative analyses involving holocellulose determinations was fortuitous and arose through 
acompensation of errors ; the holocellulose determination was therefore regarded as a method 
of isolating a substantially pure polysaccharide fraction of wood and not as an analytical tool. 

In a series of experiments on beech wood under various delignifying processes, Miiller 
(Annalen, 1947, 558, 81) obtained crude residues with acid lignin contents varying from 1-4 
to 6-7%. When corrected for their residual acid lignin content these yielded lignin-free 
holocelluloses of up to 90°%%, whereas the expected figure given by the formula (100—x) 
was 78°, on the original wood. Accordingly Miiller concluded that the amount of “‘ holo- 
cellulose ’’ was not given correctly by the formula, but he did not suggest that the lignin 
determination was at fault. A similar result had been obtained earlier by Jayme and 
Finck (Cellulosechem., 1944, 22, 102) who isolated from spruce wood as much as 5°%, more 
than the theoretical yield of lignin-free holocelluloses. Thus the sum of the lignin-free 
holocellulose and the original acid lignin was as much as 112% in Miiller’s work on beech 
and 105% in Jayme and Finck’s work on spruce woods. 

The origin and composition of this apparently surplus material are uncertain. Jayme and 
Finck referred to it as ‘‘ excess of carbohydrate,’’ and suggested that it is a form of lignin 
that has been modified by oxidation in the acidified chlorite liquors so that it is not isolated 
as an insoluble residue by the Halse method. These investigations showed that wood 


* This paper is a slight extension of that presented in abstract by (the late) Mr. W. G. Campbell at 
the XIIth International Congress of Pure and Applied Chemistry, New York, September, 1951. 
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residues treated with chlorite did not yield a greater proportion of reducing sugars on 
hydrolysis than did the original wood. Thus spruce wood yielded 69-5—73-9% of reducing 
sugars, while spruce residues treated with chlorite gave 63-2—70-5%, of reducing sugar (as 
glucose). On the other hand, Miiller found that beech wood gave 68°, whereas beech 
residues treated with chlorite yielded on the average 72-9°% of reducing sugars (as glucose), 
and concluded that a substantial part of the beech native lignin is converted during treat- 
ment with chlorite into a form in which it can be hydrolysed to reducing products. In 
subsequent papers, Miiller (Annalen, 1947, 558, 157, 164) stated that in beech wood a poly- 
saccharide similar to an alkoxy-hexosan is an important unit of the native lignin structure. 

The work now described begins an investigation prompted by the apparent conflict 
between these previous workers. 

It is considered that the only satisfactory definition of “‘lignin’’ is that employed 
by the early botanists, namely that, in an extractive free wood, lignin comprises the total 
non-polysaccharide portion or portions of the wood cell wall. The insoluble residue 
obtained by the normal analytical methods of lignin determination is advisedly termed acid 
lignin because it is not known what relation it bears to the native lignin or what proportion 
of the latter it represents. 
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Figs. 1—5 show the results of the delignification experiments on beech and spruce 
woods, buffered sodium chlorite solutions (pH 6-3) being used at 50° and 70°. In Fig. 1 
no allowance has been made for the small solubility of wood substance in the buffer solution 
alone. 

In Fig. 1 the %-weight of the chlorite-treated wood residue is plotted against the 
time of delignification. Raising the temperature from 50° to 70° increases the rate of 
dissolution of both woods some six-fold. There is no indication from the form of the 
graphs at 70° that the theoretical holocellulose yield (75-5°% for beech and 71-7°%, for spruce) 
has any kinetic significance. 

Figs. 2 and 3 show that initially at each temperature the rate of removal of acid lignin 
is greater for spruce than for beech wood, but later the rates are similar. Although the 
original woods differ in their acid lignin contents, below an acid lignin content of about 
10% the residual acid lignin content for both woods is approximately the same. 

For each wood, results at 50° and 70° are identical when the amount of wood residue is 
plotted against the acid lignin isolable from it (Figs. 4 and 5). The straight line aa’ on 
each figure is the ideal delignification graph which would result if the loss of wood substance 
were equal to the loss of acid lignin at all stages. Clearly the loss of acid lignin is greater 
than the weight of wood substance dissolved over the greater part of the range studied and 
this difference exhibits a maximum at 86-5°% yield of wood residue foreach wood. A similar 
conclusion was reached by Sen Gupta and Callow (J. Textile Inst., 1951, 42, 1375) as a 
result of their experiments on the delignification of jute fibre by chlorine dioxide solutions 
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buffered at pH 4-7. At low acid lignin contents (1-5°% for beech and 4% for spruce) the 
loss of wood substance is greater than the apparent loss of lignin; at this stage polysaccharide 
loss presumably becomes significant. Therefore, during the major part of the delignific- 
ation reaction, that fraction of the native lignin which is recoverable from the normal wood 
as acid lignin has in part been modified or stabilised so that it is soluble in sulphuric acid. 
These figures also confirm the apparent surpluses observed by Jayme and Finck, and by 
Miller. The surplus is the difference between the graph and the ideal line aa’, measured 
in the direction of the ordinate. For example, a yield of 86-5°% corresponded to an apparent 
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lignin loss of 19-0°% and the sum of holocellulose yield and apparent lignin loss is 105-5% ; 
this was the maximum apparent surplus found. The nature of the apparent surplus 
material cannot be decided on the basis of these delignification experiments alone, because 
the possibility that it is ‘“‘ excess of carbohydrate ’’ remains. 

To determine the nature of this material large samples of partly delignified wood were 
prepared from beech and spruce woods and analysed. Table 1 presents the results of these 
analyses, together with similar determinations on samples of the original woods used 


throughout this investigation. 


All results have been calculated as percentages of the oven- 
dried wood. 


Table 1 shows that the loss of acid lignin from the wood residues is accompanied by an 
increasing loss of recognisable polysaccharides, and that this loss is not confined to any single 
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polysaccharide fraction. The calculations for spruce wood are complicated by the fact that 
hexosans, such as mannan, which are soluble in 17-5% sodium hydroxide were not 
separately determined. 

To determine whether, by the action of buffered aqueous sodium chlorite on native 
lignin, a material is formed which is hydrolysed to reducing sugars, but has not been 
isolated as a recognisable polysaccharide, the total reducing sugars present in the lignin 
hydrolysates were estimated, by use of a method involving titration of standard alkaline 
potassium ferricyanide solution. 

If the hydrolysis of polysaccharides proceeded quantitatively pure cellulose would 
yield 111-1% of glucose and xylan would yield 113-6% of xylose, but under the conditions 
of hydrolysis employed cellulose (cotton linters) yielded some 104°, of reducing sugars. 
Table 2 shows that «-cellulose from beech, which contained 12%, of its own weight of 
pentosan, gave about 103°, of reducing sugars while spruce «-cellulose gave some 102%; 
it is assumed therefore that the overall method is 94% efficient and, since it was carefully 
controlled, particularly the hydrolysis, this factor should be common to all the deter- 
minations. Any sample, such as Cross and Bevan cellulose, which did not yield about 104% 
of reducing sugars is considered not to be a pure polysaccharide. Since the yield of re- 
ducing sugars from beech «-cellulose, containing a proportion of pentosan, is similar to that 
from cotton cellulose, it is assumed that little difference exists between the yields of sugars 
from pentosans and from cellulose. It has been shown that, after pure xylose has been 
subjected to the hydrolytic process, there is no measurable decrease in the amount of 
xylose present, as determined by titration. The reaction between reducing sugars and 
alkaline potassium ferricyanide is not stoicheiometric, and the sugar factors for the standard 
potassium ferricyanide solution were the same whether glucose or xylose was used for the 
standardisation. Therefore the total polysaccharide content of a wood hydrolysate can be 
calculated by multiplying the percentage of reducing sugars obtained from it, and estimated 
in this way, by 100/104, and not by the theoretical factor 100/111-1. The accuracy of this 
method is assessed at -+-1%; this is considered reasonable for sugar solutions of concentra- 
tion as low as 0-1%,. 

Table 2 confirms the previous observation that as delignification proceeds there is a 
progressive loss, and not a gain, of total polysaccharides. This loss only becomes appreci- 
able when about 95° in the case of beech, and 90% in the case of spruce, of the acid lignin 
has been removed. The chlorite delignification liquors give reducing reactions indicative 
of polysaccharides, and Jayme and Hanke (Cellulosechem., 1943, 21, 127) and Bublitz 
(T.A.P.P.I. 1951, 34, 427) have reported the isolation of polysaccharides from the chlorite 
liquors of spruce wood. A comparison between the total polysaccharide loss, as measured 
by titration, and the sum of the individual losses sustained by the «-cellulose and the 
pentosan fraction indicates only fair agreement, but this is sufficient to prove that there is 
no polysaccharide present that is not detected by the traditional methods. Hence the 
“apparent surplus ’’ detected previously is not a polysaccharide, and must therefore by 
definition be considered a lignin ; the term ‘‘ modified lignin ’’ is here introduced to describe 
this material. It is defined as a product which is formed from a portion of the native lignin 
in wood by the action of sodium chlorite and has thereby been modified or stabilised in a 
form in which it is no longer recoverable as an insoluble residue by the 72%-sulphuric acid 
method of determination. 

The total polysaccharide contents of beech (65-5°%) and spruce (62-1%) are con- 
siderably less than those indicated by the formula 100—.x, but for beech the sum of the 
pentosan-free «-cellulose and the total pentosan is in close agreement with the total poly- 
saccharide value. A similar summation is not possible for spruce in the absence of a 
separate mannan determination. It would appear that the total polysaccharide content of 
beech wood, and possibly also of spruce wood, may be determined by calculation from the 
total reducing sugars in the manner indicated. By using these total polysaccharide 
values it is now possible to estimate the amount of modified lignin present in the partly de- 
lignified samples. This amount is represented by the difference between the sum of the 
total apparent lignin loss and the total polysaccharide loss, and the actual measured loss. 

A summation of the known components of beech and spruce wood is made in Table 3. 
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This indicates that a significant proportion of the wood is not accounted for in a summation 
which involves acid lignin, total polysaccharides, and alcohol—benzene extractives. There is 
little direct evidence of the nature of this missing material (8-2° for beech wood and 7-1%, 
for spruce wood), beyond the fact that it is not a polysaccharide. Unless very extensive 
demethylation occurs by the action of 72°% sulphuric acid on wood, or unless the proportion 
of methoxylated glucuronic acid residues in the hemicellulose fraction is considerably 
greater than present evidence suggests, this material must contain methoxyl groups. The 
acid hydrolysate solutions from lignin determinations on beech and spruce woods are 
known to exhibit ultra-violet absorption spectra considered to be characteristic of lignin, 
and also, in the case of beech, to give the well-known Maule reaction. 

It is concluded therefore that at least part of the missing material has lignin-like 
properties, and it is suggested that use of 72% sulphuric acid is not an effective method for 
estimating all the non-polysaccharide portion of the wood cell wall (i.e. by definition, its 
lignin content). This view is supported by von Wacek [Holz als Roh und Werkstoff, 1951, 
9, (1), 7], whose work on the determination of lignin in the tropical hardwood Entandro- 
phragma utile was published while this work was in progress. A proportion of the native 
lignin was stated to be soluble under the conditions of the lignin determination ; and termed, 
after Jayme, protolignin 1. 

The nature and isolation of this acid-soluble lignin, which is inferred to be present in the 
lignin hydrolysates of normal wood, and of modified lignin form the subject of a further 
paper now in preparation. 


EXPERIMENTAL 


Samples of both European beech (Fagus sylvatica) and Sitka spruce (Picea sitchensis) woods 
were air-dried to a moisture content of about 12%, and then separately converted into sawdust ; 
and the fraction which passed a 20 mesh screen but not a 60 mesh screen was retained as the 
sample. Proximate analyses were carried out by methods standard in this laboratory; in 
cases where these methods differ from those in more general use they are fully described. 

Delignification Procedure.—The buffered aqueous solution of sodium chlorite (pH 6-3) was 
prepared by mixing 50 ml. of a solution containing 37 g. of commercial sodium chlorite (85% 
by weight of sodium chlorite, the remainder being substantially sodium carbonate) in a litre of 
distilled water with 50 ml. of one containing 19 g. of hydrated disodium hydrogen phosphate 
(Na,HPO,,12H,O) and 100 ml. of N-orthophosphoric acid per litre. The buffered solution, 
at reaction temperature, was added to 2 g. of sawdust of known moisture content. One series of 
flasks were maintained in a thermostatically controlled oil-bath at 50° + 0-25°, the other 
series at 70° + 0-25°, and individual flasks were removed at intervals. The wood residues 
were filtered off on tared alundum crucibles (porosity RA 98) and washed with water till free 
from chlorite, followed by alcohol and ether, and finally oven-dried to constant weight. The 
larger preparations were carried out with 2 1. of buffered chlorite solution and 40 g. of wood of 
known moisture content. 

Determination of Lignin Content.—Bamford and Campbell’s method (Biochem. J., 1936, 30, 
419) was used. 

Determination of Cross and Bevan Cellulose.—The usual method, involving repeated chlorin- 
ation of a cooled extractive-free moist wood sample, followed by treatment with hot sodium 
sulphite, was used. Beech and spruce woods required six chlorinations, and the partly de- 
lignified samples required three or four chlorinations. 

Determination of a-Cellulose.—ax-Cellulose was determined by the method described by 
Schorger (‘‘ The Chemistry of Cellulose and Wood,” McGraw Hill, New York, 1926, p. 539) 
involving a cold treatment of Cross and Bevan cellulose with 17-5% wt./wt. sodium hydroxide 
solution for 30 minutes. 

Determination of Total Polysaccharide Content.—The volume of the filtrate and washings 
from the normal lignin determination was measured and an aliquot neutralised with anhydrous 
sodium carbonate. This solution, containing 0-1% of reducing sugars, was used to titrate a 
stirred boiling alkaline solution of potassium ferricyanide containing 10 ml. of 10% aqueous 
sodium hydroxide, 20 ml. of 1% aqueous potassium ferricyanide, and 150 ml. of distilled water. 
The course of the reaction was followed potentiometrically by using two platinum electrodes and 
a polarising current. The approximate titration was determined in a preliminary experiment, 
and in the accurate determination about 90% of this titre was added at once to the boiling 
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alkaline solution. Boiling was continued for 2 minutes then the beaker was transferred to the 
titration apparatus. The remaining few ml. of titrant were added as quickly as possible to the 
stirred solution. The total titration time should not exceed 4 minutes. This modification of Hage- 
dorn and Jensen’s method (‘‘ Sugar Analysis,’’ Browne and Zerban, 3rd Edn., Chapman and Hall, 
London, 1941, p. 872) was suggested by Podlubnaya and Bukharov (J. Analyt. Chem., U.S.S.R., 
1948, 8, 131), but it is not necessary to carry out the titration in an atmosphere of nitrogen 
as they suggested. Further, the reaction, which is of a normal oxidation—reduction type, 
could be followed potentiometrically by the use of two platinum electrodes and a polarising 
current just as efficiently as and more simply than by using the electrodes suggested by Podlubnaya 
and Bukharov. The glucose and xylose equivalent of 20 ml. of the potassium ferricyanide 
sofution was determined separately for each series of experiments. For any one series these 
equivalents were the same. It was found that 20 ml. of a 1% solution of AnalaR potassium 
ferricyanide was equivalent to 0-0235 g. of pure anhydrous glucose ([«], +52-3°). A factor 
of 0-0219 g. has been reported (Browne and Zerban, op. cit., p. 873). 

By appropriate calculation the sugar equivalent, usually expressed as glucose, of any un- 
known hydrolysate was determined and the value converted into total polysaccharide by means 
of the factor 100/104, as already described. 


This paper was prepared for publication after the death of Mr. W. G. Campbell, and thanks 
are due to Dr. R. H. Farmer, of this Laboratory, who kindly assisted in its preparation. 

This work forms part of the current research programme of the Forest Products Research 
Board and is published by permission of the Department of Scientific and Industrial Research. 


SECTION OF CHEMISTRY, FOREST PRODUCTS RESEARCH LABORATORY, 
PRINCES RisBOROUGH, AYLESBURY, BUCKs. [Received, February 20th, 1952.) 


501. The Mixed Condensation of Ketones in the Presence of 
Methylanilinomagnesium Bromide. 


By W. D. GARDEN and F. D. GUNSTONE. 


Fluorenone has been condensed with a number of ketones (mainly of the 
type COArMe) in good yield. The resulting ketols have been converted into 
various related products. 


INTERACTION between a carbonyl group and an activated methylene group is the basis of 
versatile and important condensations (Hauser and Renfrow, J. Amer. Chem. Soc., 1937, 
59, 1823 and many later papers), frequently of self-condensation of ketones but less often 
condensation of two different ketones (Wallach, Ber., 1896, 29, 1595, 2955; Amnnalen, 1912, 
394, 362; Ekeley and Carpenter, J. Amer. Chem. Soc., 1926, 48, 2375; Stevens, ibid., 
1934, 56, 450; Voitila, Suomen Kemistilehti, 1936, 9, B, 30; Chem. Abstr., 1937, 31, 2582; 
Colonge, Bull. Soc. chim., 1934, 1, 1101). The last author used methylanilinomagnesium 
bromide as condensing agent and described some mixed condensations in which one of the 
ketones (fluorenone or benzophenone) did not contain an enolisable hydrogen atom and 
thus could not react with itself. In this way the difficulty of the large number of possible 
products was partially overcome. This reagent has since been used with effect several times 
(Aksenova, Chem. Abstr., 1941, 35, 6238; Iwanow and Iwanow, Ber., 1943, 76, 988; Stoll 
and Rouvé, Helv. Chim. Acta, 1947, 30, 2019; Friedman and Robinson, Chem. and Ind., 
1951, 777; Nielson, Gibbons, and Zimmermann, J. Amer. Chem. Soc., 1951, 78, 4696). 

For the condensation of fluorenone with acetophenone by Colonge’s method we 
recommend (a) that a 25°, excess of condensing agent be used and (6) that condensation be 
effected in an atmosphere of nitrogen (which leads to less coloured products). We have 
thus condensed fluorenone with methyl «- and $-naphthyl ketones, o-chloro- and #-nitro- 
acetophenone, 2-methylcyclohexanone, and «-tetralone, and benzophenone with «-tetralone 
and with methyl 6-naphthyl ketone. The products are the expected ketols (I; R = «- and 
8-C,9H,, p-NO,°C,H,; and Ia), except in two cases when the unsaturated ketones (II; R = 
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o-C,H,Cl) and (V) result directly. 2-Methylcyclohexanone is believed to condense in the 
6-position (III) as the ketol has been converted into an unsaturated ketone; and «-tetralone 
probably condenses in the 2-position (IV and V) (cf. Elsevier’s ‘‘ Encyclopedia of Organic 
Chemistry,’ Series II]; Vol. 12, B, pp. 2611—2613) though the 4-position is not ruled out. 
Benzil and acetophenone and fluorenone and cyclohexanone have been condensed less 
satisfactorily. In addition we have been unable to condense fluorenone with deoxybenzoin, 
dibenzyl ketone, benzyl methyl ketone, propiophenone, butyrophenone, §-tetralone, 
benzylideneacetone, benzylacetone, diethyl ketone, or acetone, or anthraquinone or 
phenanthraquinone with o-chloroacetophenone. Condensation by Colonge’s method 
appears to be limited almost entirely to ketones of the type COArMe, but yields are 
generally good when condensation does occur. 


CoH JOu fou ee: 
c Ph =CH-COR 
“H CH,-COR \ cH,-CO-C,.H +B HZ 


(I) (Ia) 


re) 
I mt 
i “a ‘ Cy 
hes oH, \ 
(IIT) (IV) (V) 


The method is obviously only of value in the preparation of a few ketols and attention 
was directed toward the possible uses of such products as were obtained. Treatment with 
acid under appropriate conditions converts the ketols into the corresponding 
a8-unsaturated ketones (II), whilst the saturated ketones (e.g., VI) are easily obtained by 
reaction with hydrogen iodide. 

Attempts to oxidise 9-phenacylfluorene (VI) to the diketone by selenium dioxide 
(Riley, Morley, and Friend, J., 1932, 1875; Waitkins and Clark, Chem. Reviews, 1945, 36, 
235; Rabjohn, Org. Reactions, 5, 331) were unsuccessful. The ketone was either recovered 
unchanged or the unsaturated ketone (II; R = Ph) was obtained (cf. Astin, Newman, and 
Riley, J., 1933, 391; Armstrong and Robinson, J., 1934, 1650). Methyl 9-phenacyl- 
fluorene-9-carboxylate (VII) which is readily hydrolysed to (VI), was prepared following 
Wislicenus and Mocker (Ber., 1913, 46, 2791); but this also was not oxidised by selenium 
dioxide. 

Catalytic reduction of the appropriate ketone yielded the carbinol (VIII; R = Ph, 
a- or 8-C,9H,). 


gH H O,Me H 
iy *ScH-CH,-COPh I SMe ‘ *ScH-CH,-CHR-OH 
Hy Hy H,-COPh C,H, 

(VI) (VII) (VIII) 


In presence of the condensing agent described by Weizmann (B.P. 582,191; Chem. 
Abstr., 1947, 41, 2436)—potassium hydroxide in an acetal—fluorenone condensed directly 
with two molecules of acetophenone to give, probably, diphenacylfluorene (Dufraisse and 
de Carvalho, Bull. Soc. chim., 1936, 3, 882), which could result from the Michael addition of 
a second molecule of acetophenone to the unsaturated ketone (II; R = Ph). Fluorenone 
could not be made to condense with propiophenone or dypnone by this method. 


EXPERIMENTAL 


Condensation of Fluorenone and Acetophenone.—Magnesium (1-0 g., 0-041 mole) was placed 
in a three-necked flask (250 ml.) fitted with reflux condenser (CaCl, drying tube), mercury-sealed 
stirrer, and dropping funnel, and the apparatus flushed out, through the condenser, with 
nitrogen. Ethylmagnesium bromide was prepared in the usual way from ethyl bromide (3-2 ml., 
0-044 mole) in dry ether (7 ml.), with water-cooling as soon as the reaction began. [Under these 
conditions the Grignard compound was formed in ca. 85% yield as determined by Gilman's 
method (Gilman, Wilkinson, Fishel, and Meyers, J. Amer. Chem. Soc., 1923, 45, 156) and these 
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quantities thus give 25% excess of methylanilinomagnesium bromide if reaction with methyl- 
aniline is quantitative.] After the mixture had been stirred for 15 minutes a solution of methyl- 
aniline (3-75 g., 0-035 mole) in benzene (16 ml.) was rapidly added, ethane being evolved. The 
cooling bath was removed and fluorenone (5-06 g., 0-028 mole) in benzene (30 ml.) added. The 
temperature rose and a buff-coloured precipitate quickly separated. The mixture was stirred 
for 25 minutes, during which it cooled to room temperature. Then a mixture of benzene 
(25 ml.) and acetophenone (3-38 g., 0-028 mole) was added during 3 hours, after which the 
mixture was set aside overnight. Concentrated hydrochloric acid (8-0 ml., ca. 0-1 mole) and 
water (25 ml.) were then gradually added with ice-cooling, the benzene layer was separated and 
dried, and the solvent removed at <45°. The solid residue of 9-hydroxy-9-phenacylfluorene 
(I; R = Ph) crystallised from ethanol as colourless needles (7-18 g., 85%), m. p. 111—112° 
raised to 112—-113° after a further crystallisation from ethanol (Colonge, Joc. cit., gives m. p. 112°). 

Lower yields (40—75%) resulted when (a) the proportion of methylanilinomagnesium 
bromide, (b) the temperature at which the reactants were added, (c) the time for which the 
complex of fluorenone and condensing agent was stirred, or (d) the time for which the final 
mixture was kept varied from the conditions described above. 

In subsequent condensations the molar proportions of reagents used and the method were 
as given above unless otherwise stated. The ketones used were either commercially available or 
prepared by known methods. 

Attempts to separate 9-hydroxy-9-phenacylfluorene from its parent ketones by selective 
adsorption on acid-washed alumina, silica gel, or fuller’s earth were unsuccessful, the alumina 
decomposing the ketol into its components. Nor could the «f$-unsaturated ketone derived 
from the ketol be separated from the two ketones by this method. 

Other Condensations.—The products isolated are recorded in Table 1. 

Condensation of Benzil and Acetophenone.—Condensation of benzil (3-0 g., 0-014 mole) with 
acetophenone (3-38 g., 0-027 mole) gave an unidentified substance (3-0 g.), m. p. 175° (yellow 
prisms from acetonitrile), unchanged by treatment with dry hydrogen chloride in acetic acid 
(Found: C, 85-9; H, 65%; M, cryoscopic in benzene, 293). 

Condensation of Fluorenone and cycloHexanone.—No solid was obtained except in one 
experiment when a little high-melting substance resulted (m. p. 193—194° from ethyl acetate) 
which is probably a condensation product of cyclohexanone with two molecules of fluorenone 
(Found: C, 84:0; H, 5-5. C,,H,,O, requires C, 83-8; H, 5-7%). 

Effect of Temperature on the Reaction Product.—Fluorenone was condensed with methyl 
a-naphthyl ketone, the recommended procedure being varied by adding the latter ketone to the 
reaction mixture at various temperatures. The product was a mixture of ketol and unsaturated 
ketone easily separable by crystallisation from benzene from which the former crystallises more 
readily. The results given below indicate that greater yields of a mixed product may be 
obtained at higher temperatures than that already suggested. 


MAGGHHOR COMP. .....0.00cccccccserss é 70° reflux 
DEEN, Miravcintankisensscevepuierindnae 13 nil 
Unsaturated ketone, % i 41 62 


Conversion of Ketols into «8-Unsaturated Ketones.—Dehydration was effected under acid 
conditions but no method was found to give optimum conditions for all ketols. The following 
procedures were used : 

(i) Refluxing in 96% formic acid solution (Colonge, Bull. Soc. chim., 1935, 2, 57). 

(ii) Concentrated sulphuric acid (1 ml.) in acetic acid (6 ml.) was added to the ketol (1 g.) in 
the same solvent (20 ml.). After 30 minutes the product was isolated by dilution with water. 

(iii) Dry hydrogen chloride was passed through a solution of ketol in acetic acid (quantities 
as above) for 20 minutes. The product was isolated by dilution with water after several hours. 

(iv) The ketol (1 g.) was heated under reflux for 2 hours with benzene (25 ml.) and a little 
iodine, which was subsequently removed by sodium hydrogen sulphite solution, the product 
being isolated from the benzene layer. 

The unsaturated ketones listed in Table 2 were prepared from the appropriate ketols. 

Preparation of the Saturated Ketones.—The saturated ketones were obtained by boiling the 
ketol or unsaturated ketone (1 g.) in glacial acetic acid (8 ml.) with 55% hydrogen iodide (4 ml.) 
for 5 hours or | hour respectively. Reduction of the ketol may proceed via the unsaturated 
ketone since this compound results if the reaction period is too short. The reactants were then 
diluted with water, sodium hydrogen sulphite was added, and the ketone extracted with 
chloroform. The ketones described in Table 3 (all colourless needles) were thus prepared. 
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Selenium Dioxide Oxidation of 9-Phenacylfluorene.—Attempts were made to oxidise 
9-phenacylfluorene under various conditions. Oxidation was very slow and most of the 
starting material was recovered unchanged. By use of (i) aqueous acetic acid and (ii) aqueous 
2-methoxyethanol containing four drops of 6N-hydrochloric acid, as solvent, however (Melnikov 
and Rokitsakja, J. Gen. Chem. Russia, 1944, 14, 1054; Campbell and Khanna, /., 1949, 533), 
good yields of 9-phenacylidenefluorene resulted. 

Methyl 9-Phenacylfluorene-9-carboxylate (VII).—Methy] fluorene-9-carboxylate (3 g.) (Tucker, 
J., 1949, 2182; Campbell and Tucker, J., 1949, 2623) in methanol (10 ml.) was treated with 
sodium (0-3 g.) and, after 15 minutes, with phenacyl bromide (2-5 g.). The mixture was refluxed 
for 30 minutes, some of the solvent removed, and the product precipitated by dilution with 
water. Crystallisation from acetic acid gave methyl 9-phenacylfluorene-9-carboxylate (3-45 g., 
68%), obtained as colourless plates, m. p. 177—179°, after further crystallisation (Found: C, 
80-5; H, 5-4. C,3;H,,O, requires C, 80-7; H, 53%). Treatment with alcoholic potassium 
hydroxide gave 9-phenacylfluorene, m. p. 94—96°. Attempts to oxidise (VII) with selenium 
dioxide gave only unchanged starting material. 

9-(2-Hydroxy-2-phenylethyl)fluorene (VIII; R = Ph).—Catalytic hydrogenation (Raney 
nickel) of 9-phenacylfluorene dissolved in ethanol containing a trace of alkali, or of 9-phen- 
acylidenefluorene suspended in the same solvent, yielded the alcohol as a colourless crystalline 
solid, m. p. 108—109° [from ethanol or from benzene-light petroleum (b. p. 40—60°)] (Found : 
C, 88-2; H, 6-3. C,,H,,O requires C, 88-1; H, 6-3%); its 3: 5-dinitrobenzoate formed yellow 
crystals [from benzene-light petroleum (b. p. 40—60°)], m. p. 198—200° (Found: C, 70-0; H, 
4-4; N, 5-8. CygH oO,N, requires C, 70:0; H, 4:2; N, 5-8%). 

9-(2-Hydroxy-2-a- and -8-naphthylethyl)fluorene.—These alcohols were prepared from the 
saturated or unsaturated ketones as above. The a-naphthyl compound forms colourless crystals, 
m. p. 157—159°, from benzene (Found: C, 88-6; H, 5-8. C,;H,,O requires C, 89-3; H, 6-0%), 
whilst the 8-isomer is obtained as white spheres [from benzene-light petroleum (b. p. 40—60°)], 
m. p. 130—131-5° (Found: C, 89-2; H, 6-0%). 

Condensation of Fluorenone with Acetophenone in the Presence of Potassium Hydroxide in 
Dipropoxyethane.—Vigorous stirring was maintained throughout this reaction. Potassium 
hydroxide (2-3 g., 0-041 mole) and dipropoxyethane (15 ml.) were slowly heated to 150° and then 
cooled to room temperature. The resulting condensing agent was cooled in ice during addition 
of fluorenone (5 g., 0-028 mole) and acetophenone (3-3 g., 0-028 mole) in dipropoxyethane (10 ml.) 
and for a further 20 minutes. Next morning water was added, a white solid being precipitated 
(2-53 g.). This crystallised readily from ethanol, acetic acid, or ethyl acetate. Crystallisation 
from the last solvent yielded, probably, 9: 9-diphenacylfluorene, m. p. 200—202° (Dufraisse 
et al., loc. cit., give m. p. 203—204°) (Found: C, 86-7; H, 5-8. Calc. for CygH,,O,: C, 86-5; 
H, 55%). 


We are indebted to the Department of Scientific and Industrial Research for a maintenance 
allowance to one of us (W. D. G.), and to Mr. J. M. L. Cameron and Miss R. H. Kennaway for 
the microanalyses. 


UNIVERSITY OF GLASGOW. [Received, April 4th, 1952.) 


502. Mesitylurea and Mesitylsemicarbazide. 
By J. PACKER, J. VAUGHAN, and T. W. Watts. 


Mesitylurea and mesitylsemicarbazide have been prepared and the latter 
has been used for characterising several aldehydes and ketones. Comments 
are made on the mechanisms of the reactions involved in the two preparations. 


THE reaction between a primary amine and nitrourea has been used by Davis and 
Blanchard (J. Amer. Chem. Soc., 1929, 47, 1790) and by Sah and his co-workers (J. Chinese 
Chem. Soc., 1934—1939) for the preparation of several substituted ureas. It seems 
established that the reaction actually occurring is between the amine and the isocyanic 
acid liberated from the nitrourea in aqueous solution. It may reasonably be assumed, 
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particularly from the work of Davis and Blanchard, that the mechanism of the reaction is 
along the following lines : 


1 
ag, 


Aniline gives high yields of phenylurea by this method, and mesidine which is more basic 
should, if it may be assumed that the ortho-substituents cause no appreciable hindrance to 
reaction, readily form an addition complex with cyanic acid to give mesitylurea as the 
final product. 

It has been found that mesitylurea can be readily prepared from mesidine in this way 
(65% yield) and with hydrazine gives high yields (>80°%) of mesitylsemicarbazide. The 
hydrochloride of this semicarbazide has been used to form derivatives of several aldehydes 
and ketones: it is quite useful for characterisation of aldehydes and ketones of low 
molecular weight, but no more so than several other substituted semicarbazides. It gives 
a reasonable spread of melting points, and the solubility of the derivatives in water, either 
hot or cold, is extremely low. 

The reaction between hydrazine and a substituted urea is open to more than one 
mechanistic interpretation. On the assumption that isocyanate is formed by breakdown 
of the urea derivative, a semicarbazide could be produced through attack by hydrazine on 
the isocyanate or on one of the products subsequently formed from it (¢.g., a carbamic 
ester by reaction of isocyanate with solvent alcohol). 

A simpler scheme would be one involving a nucleophilic replacement on the substituted 
urea itself : 

NH, ons 


| + 
R-NH—C + :NH,-NH, == n— it —iet,—ant, —> RONH—C—NH-NH, + NH, 
| 


I) =4D 


For mesitylsemicarbazide formation the second mechanism appears much the more 
probable. Ready conversion into isocyanate implies an instability of the mesitylurea 
molecule which is not confirmed by observations. Mesitylurea may be boiled with water, 
aqueous alcohol, or aqueous-alcoholic sodium hydroxide without any apparent release of 
ammonia. Furthermore the work of Naegeli, Tyabji, Conrad, and Litwan (Helv. Chim. 
Acta, 1938, 21, 1100) indicates that under the conditions of our reaction some sym- 
disubstituted urea should have been obtained if an isocyanate were formed as an inter- 
mediate. No side-products have been observed during several preparations, and high 
yields of pure semicarbazide support the assumed absence of appreciable side-reactions. 


EXPERIMENTAL 
M. p.s are corrected. 


Mesidine.—This was obtained in good yield from mesitylene without purification of the 
intermediate nitromesitylene. Mesitylene (40 g.) was nitrated under conditions for 
mononitration (Org. Synth., Coll. Vol. I, 2nd Edn., p. 442) and to the crude nitro-compound 
were added granulated zinc (50 g.), water (50 ml.), and ethyl alcohol (100 ml.). Subsequent 
addition of concentrated hydrochloric acid (200 ml.) was accompanied by vigorous shaking, and 
the rate of addition adjusted to maintain a temperature of 40—50°. The mixture was then 
gently warmed, to dissolve any remaining tin, and unchanged nitromesitylene removed by 
steam-distillation. After the reaction mixture had been made alkaline a further steam- 
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distillation gave mesidine which was fractionated after ether-extraction. The yield was 77% 
(34-8 g.), and the b. p. 232—233°. 

Mesitylurea.—Mesidine (20 g.) was added to an aqueous solution of nitrourea (25 g. in 1 1.) 
at 50°, and stirred continuously for 36 hours. After cooling, the mesitylurea (17-7 g., 67%) was 
collected, washed well with water, and dried at 110°. Repeated recrystallisation from alcohol 
gave bulky white needles which shrank visibly, without melting, at 258°; sublimation of the 
solid residue occurred at ca. 320° (Found: C, 67-2; H, 7:7; N, 15-6. C,)H,,ON, requires 
C, 67-4; H, 7-9; N, 15-7%). Mesitylurea dissolved in dioxan, methyl or ethyl alcohol, 
chloroform, or toluene. It is slightly soluble in hot water but insoluble in ether. N-Acetyl-N’- 
mesitylurea gave fine white needles, m. p. 212°, from aqueous alcohol (Found: N, 12-6; 
C,,.H,,0,N, requires N, 12-7%). Attempts to benzoylate and nitrosate mesitylurea were 
unsuccessful. 

Mesitylsemicarbazide.—Mesitylurea (6 g.), hydrazine hydrate (15 ml. of 50% solution), and 
ethyl alcohol (30 ml.) were boiled under reflux until evolution of ammonia, which was apparent 
within 0-5 hour, ceased (ca. 72 hours). The reaction mixture was poured into water (200 ml.) 
and after filtration the solid mesitylsemicarbazide was washed with water. Purification was 
carried out by conversion, in alcohol, into the hydrochloride, dissolution of the salt in water, 
and reprecipitation of the base by careful neutralisation with sodium hydroxide solution. The 
semicarbazide was washed well with water and dried at 110° (yield, 5-5 g., 87%). For analysis 
the compound was crystallised from ethyl alcohol forming fine, white needles (Found: C, 62-3; H, 
7:7; N, 21-6. C,)H,,ON, requires C, 62:2; H, 7-8; N, 21:8%). Mesitylsemicarbazide 
decomposes, without melting, at 220° and the solid residue melts with decomposition at 304°. 
The base dissolves in dioxan, methyl or ethyl alcohol, chloroform, or toluene. It is sparingly 
soluble in cold carbon tetrachloride but insoluble in cold water and ether. Mesitylsemi- 
carbazide hydrochloride, prepared as above, forms white needles from aqueous alcohol (50%) 
and decomposes, without melting, at 300°. Potentiometric titration with standard sodium 
hydroxide showed it to be a monohydrochloride. 


M. p. of 
mesitylsemi- 
carbazone Formula Found, N,% Reqd., N, % 

Acetone 9° C,3H,,ON, 17-6* 
Ethyl methy! ketone K C,,H,,ON, 16-9 
Acetophenone 203—: C,,.H,,ON, 14-0 
Benzil y C,,H,,0,N, 10-9 
Formaldehyde 214—2 C,,H,,ON, 20-4 
Acetaldehyde 212 C,,.H,,;ON,; 18-6 ¢ 
Propaldehyde Cy,HyON, 17-8 
Benzaldehyde C,,H,,ON,; 14-8 
Cinnamaldehyde y C,,H,,ON, 13-7 
Acraldehyde 2 C,3H,;ON; 17-8 

* Analysed after repeated recrystallisation. ° Calc. for monosemicarbazone. 

* With decomp. 


Preparation of Semicarbazones.—To a mixture of mesitylsemicarbazide hydrochloride (0-4 g.), 
alcohol (10 ml.), and water (10 ml.) was added sodium acetate (1 g.), to give eventually a solution 
buffered to a pH of ca. 4-5. The mixture was warmed on a steam-bath until all had dissolved, 
slightly more than one equivalent of the aldehyde or ketone was added, and the whole was 
heated under reflux, usually for 0-5 hour. With formaldehyde, acetaldehyde, propaldehyde, 
cinnamaldehyde, acraldehyde, acetone, and ethyl methyl ketone, precipitation occurred 
immediately or within a few minutes, but with acetophenone there was some delay. No 
apparent precipitation was noted with benzil after an hour; glacial acetic acid (10 ml.) was 
then added and heating continued for a further 3 hours. Cooling gave a deposit of the mono- 
semicarbazone (see Table). Camphor gave, after 5 hours, only an extremely small quantity 
of presumed semicarbazone, m. p. 215° after recrystallisation (no analysis). Benzophenone 
was unaffected on prolonged boiling. Semicarbazones were recrystallised from aqueous 
alcohol, the water being omitted for those carbonyl compounds of higher molecular weights ; 
they formed needles, all being colourless except those from benzil and cinnamaldehyde (yellow). 


We thank Mr. A. D. Campbell, of the University of Otago, for the micro-analytical figures. 


CANTERBURY UNIVERSITY COLLEGE, 
CHRISTCHURCH, NEW ZEALAND. (Received, February 27th, 1952.) 
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503. Studies in the Polyene Series. Part XLIII.* The Structure 
and Synthesis of Vitamin A, and Related Compounds. 


By (Mrs.) K. R. FARRAR, J. C. HAMLET, H. B. HENBEstT, and E. R. H. JONEs. 


A dehydrovitamin A, (II) has been synthesized and shown to be identical 
with vitamin A,. The aldehyde (retinene,) and anhydrovitamin A,, both 
crystalline solids, have been prepared from the synthetic vitamin. The 
ultra-violet and infra-red light absorption properties of these and related 
compounds with shorter side-chains are discussed. A preliminary account 
of this work has been published (Chem. and Ind., 1951, 49). 


THE presence in fish-liver oils of a compound closely related to vitamin A, was first 
indicated by light-absorption measurements by Edisbury, Morton, and Simpkins 
(Nature, 1937, 140, 234) and Gillam, Heilbron, Lederer, and Rosanova (ibid., p. 233). 
Certain oils or concentrates gave an antimony trichloride colour which exhibited maximal 
absorption at 6930 A, the corresponding vitamin A, maximum being at 6200 A. The 
new compound, which could not be separated from vitamin A,, was termed vitamin A, by 
Morton and his co-workers. The ratio of the two vitamins present in fish oils varies 
according to species, but, in general, oils from freshwater fish contain more vitamin A, than 
A,, the converse being true for marine fish (cf. Gillam, Heilbron, Jones, and Lederer, 
Biochem. J]., 1938, 32, 405). 

From these studies with vitamin A, concentrates it was apparent that the main light- 
absorption maximum of vitamin A, is located at a considerably longer wave-length than 
that of vitamin A, (3260 A). Recently, Shantz (Science, 1948, 108, 417) has obtained from 
the oil from selected pike livers a sample of the vitamin of high purity, which has a main 
absorption band at 3510 A, and a well-defined subsidiary maximum at 2870 A (see Fig. 1). 

The difficulty of obtaining pure vitamin A, has hampered work on the elucidation of 
its structure, but nevertheless several formule have been suggested. Gillam, Heilbron, 
Jones, and Lederer (loc. cit.) noted that structure (I), a vinylogue of vitamin A,, would 
account for the absorption of vitamin A, at longer wave-length. Gray and Cawley 
(J. Biol. Chem., 1939, 181, 317; 1940, 134, 397) suggested a dehydrovitamin A, 
structure (I1), after a study of the relative volatilities of the two vitamins had indicated 
their similar molecular weights; this formula has also been favoured by Morton, Salah, 
and Stubbs (Nature, 1947, 159, 744). Karrer and his collaborators (Helv. Chim. Acta, 
1943, 26, 1758, and earlier references) put forward the open-chain structure (III), in the 
belief that the position of the main absorption maximum would be in better accord with 
this structure than with (II), and adduced support from the isolation of acetone in over 
60% yield on ozonolysis of a vitamin A, concentrate. Karrer and Schneider (tbid., 1950, 


Me Me Me Me 
¢ ewes ~*~ (CH:CH-CMe:CH),CH,OH 

x 

Me (I) WW \Me (II) 
Me Me 

Me,C:CH-CH,-CH,-CMe:CH-[CH:CH-CMe:CH),-CH,-OH y< OH-CH:CMe-CH:CH-CH:CEt-CH,-OH 
(IIT) | 
V \Me (IV) 


33, 38) later reported that a purer sample of vitamin A, did not yield acetone on ozonolysis. 
After an attempt to correlate the light-absorption data of carotenoids with their structures, 
Fieser (J. Org. Chem., 1950, 15, 930) proposed the rather more speculative structure (IV). 
In view of the difficulty of obtaining sufficient quantities of pure vitamin A, for detailed 
structural studies, it seemed to us that the vitamin A, problem could best be solved by 


* Part XLII, J., 1952, 1414. 
8H 
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synthesis, especially since a variety of satisfactory procedures have been developed in 
connection with the synthesis of vitamin A, (for a summary see Heilbron, J., 1948, 386). 
The dehydrovitamin A, structure (II) appeared to be the most plausible on various grounds, 
particularly since it affords an explanation of the second absorption band at 2870 A (see 
later). 

The first approach attempted was from 3 : 4-dehydro-8-ionone (V), following one of the 
now classical routes to the Cyg alcohol devised in the A,-series starting from §-ionone. 
The ketone, prepared in 40% yield from $-ionone by treatment with N-bromosuccinimide 
followed by dehydrobromination (Henbest, J., 1951, 1074), was treated with methyl 
y-bromocrotonate, giving a hydroxy-ester with light absorption in agreement with the 
expected structure (VI). However, dehydration with toluene-f-sulphonic acid (as in the 
preparation of the C,, acid from $-ionone) gave material with an absorption maximum at 
too short a wave-length for the expected ester (VII; R = Me) (see later) and hydrolysis 





Fic. 1. Ultra-violet absorption of vitamin Ag. 


-~----- Natural compound. 
————-_ Synthetic compound. 











3. 
Wave -/ength (A) 
failed to yield a crystalline acid. It is possible that 1 : 8-dehydration (into the terminal 
ring) occurred, giving rise to a tetraene chromophore. 

An alternative procedure involved the bromination and dehydrobromination of the 
well-known methyl ester (VIII; R = Me) of the C,, acid, and the building up of the side- 
chain via the C,, dehydro-ketone (IX). The ester reacted very much more readily than 
8-ionone with N-bromosuccinimide, bromination occurring at room temperature. 
Dehydrobromination was carried out with 4-phenylmorpholine, structurally related to 
diethylaniline, but more readily purified. Hydrolysis of the methyl ester gave the 


Rg*COMe —> Rg-CMe(OH)-CH,*CH:CH-CO,R —> Rg*CMe:CH-CH:CH-CO,R 


{8 {2H (VIIT) 
Rs-COMe —> R5-CMe(OH)-CH,‘CH:CH-CO,R ----> Rg-CMe!CH-CH:CH-CO,R 
(VI) (VII) 

Me Me [ 


CH:CH* ——Rs-CMe!CH-CH!CH-COMe 


7 
R35 = x 
Ve — 


crystalline C,, dehydro-acid (VII; R = H) in 55% overall yield, converted by methyl- 
lithium into the C,, dehydro-ketone (IX). Although a Reformatsky reaction between this 
ketone and methyl bromoacetate appeared to occur (the crude hydroxy-ester showing 
Amax, 3300 and 2700 A), no crystalline C,) dehydro-acid (XI; R = H) could be isolated 
after dehydration and hydrolysis. 
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In view of the difficulties encountered in building up the side-chain with the terminal 
dehydro-ring already present, attention was directed towards the introduction of the 
extra double bond with the Cy) acid (X; vitamin A, acid; Arens and van Dorp, Rec. Trav. 
chim., 1946, 65, 338) as its methyl ester (now obtained crystalline). The N-bromo- 
succinimide reaction proceeded very readily at 0° or below in chloroform solution. 
Immediate dehydrobromination of the unstable bromo-compound with 4-phenyl- 
morpholine, followed by chromatography, gave a 75% yield of an ester, hydrolysed to the 
crystalline dehydro-acid (XI; R =H); vitamin A, acid), obtained in 25% overall yield. 


Me Me 


LiMe CH:CH-CMe:CH-CH:CH-COMe 
(VIII; R=H) ——> , 


Me 


Me Me Me Me 
\ 4 
< {CH°CH-CMe:CH),°CO,R -2H (CH:CH-CMe:CH},°CO,R LiAIH, 
SA __ ) ——---> (I I ) 


( 


| 
\/\Me (X) MA ate (XI) 


With diazomethane this acid gave a crystalline methyl ester (presumably all-trans- 
configuration of the side-chain), the light absorption of which was almost identical with 
that of the chromatographically purified ester from the dehydrobromination reaction. 
The latter ester, however, could not be induced to crystallize and is probably a mixture of 
geometrical isomers—this would also account for the low yield of the pure vitamin A, acid 
produced on hydrolysis. Some experiments, in which bromination had been incomplete, 
gave a mixture of esters of vitamin A, and A, acids, which could not be separated 
chromatographically. 


TABLE 1. Comparison of the light-absorption properties of compounds in the A, and 
Ag series. 
A, Series A, (Dehydro) Series 
Amaz. (A) Emax. ( Emax. 
C,, Acids 3250 32,500 13,800 
30,000 
C,, Alcohols 2890 21,500 15,700 
18,100 
C,, Ketones 3450 28,500 H 10,300 * 
25,200 
es , semicarbazones 60,000 2975 19,000 
49,500 
Sw PRONE Wed OORT TP 43,300 f 12,600 * 
39,300 
, methyl esters 44,600 13,100 * 
40,600 
Cy, Alcohols ‘ 51,000 21,900 
41,300 
* Inflexion. 


Lithium aluminium hydride reduction of either the crystalline or the non-crystalline 
methyl ester of the C,, dehydro-acid afforded the alcohol (II), the light absorption of which, 
and of its antimony trichloride colour, agreed closely in both cases with that of natural 
vitamin A, as given by Shantz (loc. cit.) (Table 2 and Fig. 1) (for biological activity, see 
Experimental). This dehydro-alcohol is very much more sensitive to oxygen than is 
vitamin A,—a similar relation was observed with other pairs of A, and A, compounds and 
may be connected with the possibility of forming transannular peroxides from the dehydro- 
compounds. The melting point of the #-phenylazobenzoate of the alcohol prepared by 
reduction of the crystalline ester was similar to that recorded by Shantz. However, the 
melting-point behaviour of the derivative prepared from the non-crystalline (but spectro- 
graphically pure) ester suggested that it was a mixture of stereoisomers. It may be noted 
that the melting point of meo- (or cis-)vitamin A, p-phenylazobenzoate (94—96°) is higher 
than that (79—80°) of the normal (ail-trans-)vitamin A, derivative. Analogous differences 
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between the vitamin A, derivatives would reconcile the apparently conflicting melting- 
point data of Shantz and Karrer (see Table 2). It seems likely then that both stereo- 
isomeric /-phenylazobenzoates were obtained from the non-crystalline ester, thus 
reinforcing the conclusion reached above. Lithium aluminium hydride reduction of the 
methyl esters of the C,,-acid and the C,, dehydro-acid gave the corresponding alcohols, 
characterized as p-phenylazobenzoates. 


TABLE 2. Comparison between natural and synthetic vitamin A, and anhydro-vitamin Ag. 


Natural Synthetic 
A, Series. . p. A (A) g M. p.* A (A) € 
Vitamin 3510 (max.) 41,400 3520 (max.) 41,300 
2970 (min.) 16,200 2975 (min.) 15,100 
2870 (max.) 23,300 2880 (max.) 21,900 
SbCl, colour in CHCI, _ 6930 (max.) £128, 4100 6930 (max.) £}%,. 4000 
p-Phenylazobenzoate 76—77°! 3410 (max.) 58,500 3410 (max.) 59,500 * 
94—95 ? — — 
Anhydro-A, Series. 
Anhydro-vitamin 3350 (infl.) 27,000 3350 (infi.) 
3520 (max.) 54,400 3515 (max.) 
3700 (max.) 79,500 3700 (max.) 
3910 (max.) 69,700 3915 (max.) 
SbCl, colour in CHC], — 6930 (max.) E}S™ 4400 — 6930 (max.) EX 4500 
1 Shantz (loc. cit.). * Karrer and Schneider (loc. cit.). % Prepared from non-crystalline dehydro- 
ester. * Prepared from crystalline dehydro-ester. 


* Determined on a Kofler block; the p-phenylazobenzoate with m. p. 78—90° melted at 84—87° 
in a capillary tube in the usual paraffin-bath apparatus. 


Vitamin Ag, like vitamin A,, is very sensitive to traces of mineral acids, being converted 
into an anhydro-compound by loss of the elements of water. Shantz (loc. cit.) obtained 
crystalline anhydro-vitamin A,, and dehydration of the synthetic material similarly 
yielded anhydro-vitamin A,, the physical properties being in excellent agreement with 
those given by Shantz (Table 2). 

Morton (Nature, 1944, 153, 69) suggested that retinene, and retinene,, which had been 
isolated from retinal tissue of marine and freshwater fish respectively, might be the 
aldehydes corresponding to vitamins A, and Ay. He later showed that they could be readily 
prepared by oxidation of the vitamins with a suspension of manganese dioxide in light 
petroleum (Ball, Goodwin, and Morton, Biochem. J., 1948, 42, 516; Morton, Salah, and 
Stubbs, loc. cit.). Manganese dioxide oxidation of synthetic vitamin A, (prepared via the 
crystalline dehydro-ester) afforded crystalline retinene,, agreeing closely in its properties 
with those of the aldehyde prepared from the natural vitamin (cf. Table 3). Synthetic 
retinene, readily formed an oxime and a 2: 4-dinitrophenylhydrazone, corresponding 
derivatives also being prepared from retinene, for comparison. The oximes, which 


TABLE 3. Melting points and light absorption (in ethanol) of retinene, and retinene, 


and their derivatives. 
M. p. max. (A) ay | M.p. max. (A) Caen, 
Retinene, series. Retinene, series. 
3850 40,300 | 77—78° 3150*t 11,800 
| 4000 38,000 
(61—62) (3855) (39,800) | [77—78}] [3150)* [ — Jj 
| (4000) [39,500] 
134—136 3590 57,800 | 141—143 3080 16,100 
3775 53,400 
2:4-Dinitrophenylhydrazone 214—215° 4510 + 50,100 | 197—199 4620 + 46,300 
(207—208) (4420) (54,000) | 
SbCl, colour in CHCI, | 7300 +7050 El, 3750 
[7350 —> 7050) [3720] 
Data in parentheses are those reported by Ball, Goodwin, and Morton (Biochem. J., 1948, 42, 516). 
Data (unpublished) in square brackets were kindly provided by Professor R. A. Morton, the 
retinene, having been prepared from natural vitamin Ag. 
* Inflexion. + Light absorption in chloroform solution. 
¢ Further light absorption data for this compound are given in the Experimental section. 
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crystallized well and were formed in good yields are the most satisfactory type of 
derivative of these polyene carbonyl compounds. The position of the main absorption 
maximum of retinene, 2 : 4-dinitrophenylhydrazone is in accordance with those of polyene 
aldehyde and ketone derivatives with fewer double bonds, this series obeying the usual 
22 oc m relation. However, care was necessary in order to prepare a derivative with the 
correct absorption spectrum, since longer periods of contact with the reagent solution or 
simple heating of a solution (e.g., in ethyl acetate) of the derivative caused the position of 
Amax. to move to shorter wave-lengths. The analytical composition of the derivative had 
undergone no change, but the melting point was markedly lower (163—167°). It appears 
that the material described as retinene, 2 : 4-dinitrophenylhydrazone by Morton, Salah, 
and Stubbs (loc. cit.) was in fact the foregoing isomerization product—the physical constants 
are in reasonable agreement (cf. Experimental section). 

Oppenauer oxidation of vitamin A, concentrates with diethyl ketone as the hydrogen 
acceptor was reported by Howarth, Heiibron, Jones, Morrison, and Polya (J., 1939, 128) to 
yield a carbonyl compound for which a dehydro-vitamin A, aldehyde (i.e., now retinene,) 


Fic. 2. Ultra-violet absorptions. 
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Broken curves : compounds of vitamin A, series. 
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structure was suggested. A similar oxidation of retinene, has been reported to give the 
same product (Morton, Salah, and Stubbs, Joc. cit.). Repetition of these experiments has 
shown that the compound formed is the (crystalline) C,; ketone produced by condensation 
of the initially formed retinene, with diethyl ketone—further details of this and related 
experiments will be reported in a separate communication. 

Light Absorption Properties.—Introduction of the extra double bond into the terminal 
ring invariably moves the position of the main absorption maximum to longer wave- 
lengths and also decreases the intensity of the main band (see Table 1 and Fig. 2). At 
the same time a second maximum (sometimes an inflexion) appears in the 2700—3200-A 
region, its position moving towards longer wave-lengths as the length of the unsaturated 
side chain is increased. It is likely that this subsidiary band represents the combined 
absorption of two “‘ partial chromophores ’’ (together with the tail of the main absorption 
band); thus in vitamin Ag, itself, the partial chromophores (see below for more detailed 
discussion) are the trimethylcyclohexadienyl system (Amax. ~~ 2700 A) and the tetraene 
side-chain (Amax. ~ 3050 A)—equal intensities being assumed for the two chromophores, 
the combined absorption would give rise to a maximum at ~2870 A, close to the observed 
value (it is realized that the side-chain chromophore should contribute a greater share 
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since its intensity of absorption would be expected to be greater than that of the cyclic 
chromophore, but more exact computations are not justified at present). Table 4 gives a 
comparison of the experimentally observed positions of Amax. of the subsidiary band with 
those calculated as an average of two partial chromophores, the trimethylcyclohexadienyl 
group being assumed in each case to ‘‘ contribute ’’ Amax. 2700 A. 


TABLE 4. 


Calc.* Calc.* 
average Observed average Observed 
Side-chain chromophore Deen (0) ene, (4) Side-chain chromophore Amax. (A) Amex. (A) 


Me * Y 
IN ae UN /PusOH 2675 2690 VA JV /HvOH 2875 2880 


Me Me 


Me 
| 
/ ~ WA On JVI for 3025 3050 
Me Me Me 


ADS Some 2975 3035 DVIS \ HO 3150 3150 

* The values used for the side-chain partial chromophores were either (a) those given by Braude 
(Ann. Reports, 1945, 42, 105) for appropriate acyclic compounds, or (b) calculated from such data by 
addition of 50 or 100 A per methyl] group, depending on the position of the group. 


It has been suggested that, in compounds containing a trimethylcyclohexeny] ring, the 
effectiveness of the conjugation between the cyclic double bond and the side chain is 
reduced by steric factors (Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, 
J., 1949, 1890). The chief result with the compounds examined was a reduction in 
absorption intensities, but some evidence was obtained of absorption due to partial 
chromophores produced by a break in conjugation between the ring olefinic bond and the 
side-chain (e.g., the absorption of 8-ionone and dehydro-$-ionone in the 2200-A region due 
to the side-chain C—C-C=O absorption). In more extended polyene systems the side- 
chain partial chromophore probably lies too close to the main band to be resolved. In 
this connection, Oroshnik, Karmas, and Mebane (J. Amer. Chem. Soc., 1952, 74, 295) have 
pointed out that the absorption bands of vitamin A, and its congeners are hypsochromically 
displaced relatively to acyclic polyenes, the observed absorption bands being in fact a 
combination of the complete chromophore (of reduced intensity) and the partial chromo- 
phore containing one less double bond. 


Fic. 3. 


Cc Ca, Cy) @CFo Co Cy 
& 
Cos) Cu 
5) 
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On the assumption that the side-chain is attached to the ring in the energetically more 
favourable s-trans-configuration (see also MacGillavray, Kreuger, and Eichhorn, Kon. Ned. 
Akad. Wet., 1951, B, 54, 449), the break in conjugation in the A, series of compounds is 
clearly caused by interference between the gem-dimethyl group and the side-chain C;,- 
hydrogen atom. In the dehydro-series, the decrease in intensity of the main absorption 
band (relatively to the A, series), as well as the appearance of well-defined partial 
chromophoric bands, indicates an even greater steric inhibition of resonance. 

This, it is believed, is connected with the greater rigidity of cyclohexadiene rings 
compared with cyclohexene rings. With the planar cyclohexadiene ring, models confirm 
that appreciable “‘ overlap ’’ takes place between the C,-hydrogen and the gem-dimethy] 
group, the latter (regarded effectively as a single atomic grouping) being in exactly the 
same plane as the ring (Fig. 3a), and hence the side chain. In the A, series, the more 
flexible cyclohexene ring can assume a skew configuration (Fig. 3b,) or a form (6) similar 


Cu) 
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to the boat form of cyclohexane, but in either case, the gem-dimethy] group is located above 
(or below, ready interconversion being probable) the general plane of the ring. 
of the gem-dimethyl group and the C.g-hydrogen atom will thus be reduced. 

Infra-red Spectra——tThe infra-red spectra of the compounds prepared during this 
investigation are presented in Table 5 (see also Fig. 4). Dr. Shantz kindly sent us 
(unpublished) infra-red spectra of natural vitamin A, and anhydro-vitamin A,. Close 
agreement was observed between the spectra of the natural and synthetic compounds. 

Comparison of the A, with the A, series shows that the cyclic cis-double bond present in 
the former gives rise to absorption peaks at ~725 cm.“ and ~3030 cm.1. Some of the A, 


Interference 


Fic. 4. Infra-red absorption curves. 
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compounds also showed a peak near 725 cm."1, but invariably of lower intensity; vitamins 
A, and A, themselves showed the smallest difference in this region. The distinct peak 
near 3030 cm. (cis-double bond C-H stretching frequency) shown by all the dehydro- 
compounds could be easily distinguished from a shoulder present in this region of the 
spectra of the A, compounds due to the C-H stretching frequency of the ¢vans-disubstituted 
double bonds. 

In the compounds containing a carbonyl group in conjugation with the polyene chain, 
the olefinic bond stretching frequency decreases (from 1605 cm." in $-ionone to 1572 cm."} 
in retinene,) as the number of double bonds increases. However, the relation between the 
carbonyl stretching frequency (1600—1700-cm.* region) and the number of double bonds 
shows much less regularity. These results are thus parallel to those obtained with simpler 


unsaturated carbonyl compounds (Blout, Fields, and Karplus, J. Amer. Chem. Soc., 1948, 
70, 194). 
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A discussion of the structures and infra-red spectra of anhydrovitamins A, and A, is 
deferred. 

Meunier (Rev. internat. Vitaminologie, 1951, 23, 21) has claimed on the basis of qualitative 
ultra-violet absorption spectra and growth-promotion tests that manganese dioxide 
oxidation of lycopene gives rise to retinene,, this being suggested as evidence in favour of 
the open-chain structure for vitamin A,. The absorption curve given (3000—4600 A) for 
the suggested retinene, does not exhibit the characteristic inflexion at 3550 A, and further 
comment on Meunier’s experiments must be deferred until the properties of pure reaction 
products are fully described. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block and are corrected. Ultra-violet light absorption 
measurements were made in ethanol with a Beckman spectrophotometer unless stated other- 
wise; infra-red determinations were made with a Perkin-Elmer double-beam instrument, 
model 21 (sodium chloride prism), the material being used as either a liquid or a supercooled 
melted solid. 

Chromatographic alumina (P. Spence, Grade H) was deactivated by addition of a certain 
amount of water, or neutralized and deactivated by addition of dilute acetic acid (10% in 
water)—the material then being shaken until homogeneous. The resultant free-flowing 
alumina was used as a suspension in light petroleum to fill columns. This method of 
“‘ neutralizing ’’ alumina proved to be very efficacious for chromatography of the methyl esters 
handled in this work (and also for esters generally), hydrolysis being prevented during periods 
up to 24 hours. Chromatography of the most sensitive compounds, such as vitamin A, and 
retinene,, was conducted in a cold room at —8° to —10° in subdued light. 

Solvents were always evaporated under reduced pressure. Light petroleum refers to 
the fraction with b. p. 40—60°. Chloroform used in the bromination reaction was freshly dried 
by distillation from phosphoric oxide. N-Bromosuccinimide was powdered to pass through a 
125-mesh sieve. Most experiments were carried out in a nitrogen atmosphere. 

Condensation of Dehydro-B-tonone with Methyl y-Bromocrotonate.—A mixture of dehydro-$- 
ionone (0-57 g.), methyl y-bromocrotonate (0-9 g.), zinc dust (0-5 g.), and dry benzene (10 c.c.) 
was heated under reflux. After 10 minutes, the reaction commenced; heating was then 
continued for a further 30 minutes. Treatment with dilute acetic acid and ice gave the crude 
hydroxy-ester (0-7 g.), Amax. 2890 A (c = 6000) (cf. light absorption of dehydro-$-ionol, Amax, 
2850 A; «¢ = 8400; Henbest, loc. cit.). A solution of this ester in benzene (10 c.c.) containing 
toluene-p-sulphonic acid (3 mg.) was heated under reflux for 30 minutes. The resultant gum 
had Amax, 3350 A (E1%, = 350). Alkaline hydrolysis afforded no crystalline acid. 

5-Methyl-7-(2 : 6 : 6-trimethylcyclohexa-1 : 3-dienyl)hepta-2 : 4 : 6-trienoic Acid (C,, Dehydro- 
acid) (VII; R = H).—A solution of diazomethane in ether was added to a suspension of the 
C,, acid (5-0 g.) (prepared by the procedure given by Inhoffen, Bohlmann, and Bartram, 
Annalen, 1948, 561, 13) in ether at 20° until no more nitrogen was evolved. The solvent was 
removed, and the residue dissolved in pentane, filtration and evaporation giving the methyl 
ester (5-12 g.). This was dissolved in chloroform (50 c.c.) at 15° and powdered N-bromo- 
succinimide (3-86 g.) was then added with vigorous stirring. After 20 minutes the bromo-imide 
had dissolved, 4-phenylmorpholine (4-0 g.) was added, and the solution was heated under reflux 
for 10 minutes. Dilute hydrochloric acid and pentane were added to the cooled solution. The 
pentane—chloroform layer was evaporated and the residue, dissolved in pentane (10 c.c.), was 
chromatographed on deactivated alumina (2000 g.). The column was developed with light 
petroleum until separation of the bands appeared complete, the main yellow band being then 
cut out and eluted with ether, to give the crude dehydro-ester (4-8 g.) as a deep yellow oil. 
This was hydrolysed under reflux in methanolic potassium hydroxide (25 c.c.; 10% w/v) for 
45 minutes. After addition of water, the non-saponifiable material was removed by pentane- 
extraction, and the aqueous layer acidified with dilute hydrochloric acid and extracted with 
pentane-ether (1:1). Evaporation gave crude acid (4-45 g.), which after recrystallization 





s = Strong, m = medium, and w = weak band—these are given only as approximate indications 
of absorption intensity. 

Values in parentheses are for natural materials; the curves from 4000 to 770 cm.! for vitamin A,, 
and from 2000 to 770 cm." for anhydro-vitamin A, were kindly supplied by Dr. E. M. Shantz. 

* All the A,-compounds (except f-ionone) showed a definite shoulder at about 3040 cm.~. 
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from acetone gave the C,, dehydro-acid (2-8 g., 55%) as golden-yellow needles (prisms), m. p. 
163—164° (Found: C, 78-75; H, 8-7. C,,H,,O, requires C, 79-05; H, 86%). 

5-Methyl-7-(2 : 6 : 6-trimethylcyclohex-1-enyl) hepta-2 : 4 : 6-trien-1-ol (C,, Alcohol).—A solution 
of the ester, prepared as above from C,, acid (1 g.), in ether (1 c.c.) was treated at — 30° with an 
ethereal solution of lithium aluminium hydride (4-5 c.c.; 0-55m) for 2 hours. The reaction 
mixture was then allowed to warm to 29°, a few drops of ethyl acetate were added, and the 
whole was poured into saturated aqueous tartaric acid. The product was extracted with 
pentane-ether (1:1), this extract being washed with sodium hydrogen carbonate solution and 
dried. Removal of the solvent gave an oil which was chromatographed on alumina (100 g.) 
(deactivated with water, 10%). Material eluted with pentane was discarded; further elution 
with pentane—ether (1: 1) gave the alcohol (0-67 g., 75%). A portion was distilled at 95—100° 
(bath-temp., short-path still) /10~ mm., to yield the pure alcohol, n# 1-5650 (Found: C, 82-7; 
H, 10-5. C,,H,,O requires C, 82-85; H, 10-65%). 

p-Phenylazobenzoyl chloride (0-5 g.) was added to a solution of the foregoing alcohol (0-45 g.) 
in benzene (5 c.c.) containing a few drops of pyridine, the mixture being kept at 20° overnight. 
p-Phenylazobenzoic anhydride was removed by filtration and the benzene solution washed with 
dilute acid, and sodium hydrogen carbonate solution, dried, and evaporated. The residue was 
chromatographed on deactivated alumina (100 g.; water, 10%), the ester being eluted with 
light petroleum. Evaporation afforded a red oil which crystallized from a 20% solution in 
pentane at —20°, to give the p-phenylazobenzoate as orange-red needles (0-25 g.), m. p. 37—38° 
(Found: C, 79-0; H, 7-5. Cg9H3,,0,N, requires C, 79-25; H, 7-55%). Light absorption : 
Maximum, 3200 A (¢ = 36,700). 

5-Methyl-7-(2 : 6 : 6-trimethylcyclohexa-1 : 3-dienyl)hepta-2 : 4 : 6-trien-l-ol (C,, Dehydro- 
alcohol).—C,, Dehydro-acid (0-7 g.) was converted by diazomethane into its methyl ester. This 
was dissolved in ether (1 c.c.), and treated with lithium aluminium hydride in ether (3-25 c.c. ; 
0-55M) at —30° for 2 hours. After warming to room temperature, the mixture was processed as 
described above for the C,, alcohol. Chromatographic purification gave a yellow oil (0-31 g., 
50%), part of which was distilled at 100—105° (bath-temp., short-path still) /10-* mm., to afford 
the C,, dehydro-alcohol, n7} 1-5824 (Found: C, 83-3; H, 9-7. C,,H,,O requires C, 83-55; 
H, 99%). 

This alcohol (0-15 g.) was treated with p-phenylazobenzoyl chloride (0-2 g.) in benzene (5 c.c.) 
containing a few drops of pyridine as described above. The p-phenylazobenzoate crystallized 
from pentane at —20° as an orange solid, m. p. ca. 10—15°. Light absorption: Maximum, 
3240 A (c = 33,100); inflexion, 2730 A (c = 18,700). 

6-Methyl-8-(2 : 6 : 6-trimethylcyclohexa-1 : 3-dienyl)octa-3 : 5: 7-trien-2-one (Cy, Dehydro- 
ketone) (IX).—A solution of the C,, dehydro-acid (1-4 g.) was treated with stirring with an 
ethereal solution of methyl-lithium (200 c.c.; 0-13N) at 20°. Ice and water were added after 
4 hour, the ethereal solution being processed as usual. Evaporation afforded a reddish-orange 
oil, which was purified by chromatography on alumina (200 g.) (deactivated with water, 3%). 
Elution with light petroleum gave the dehydro-ketone (0-6 g.), prepared for analysis by removal 
of solvent at 10-5 mm. at 20° (Found: C, 83-95; H, 9-6. C,gH,,O requires C, 84:35; H, 945%). 
The semicarbazone crystallized from methanol as deep yellow rhombs, m. p. 187—190° (Found : 
C, 72-95; H, 8-45; N, 13-3. C,,H,,ON, requires C, 72-8; H, 8-7; N, 13-4%). The 2: 4-di- 
nitrophenylhydrazone crystallized from ethyl acetate as dark red laths, m. p. 168—170° (Found : 
N, 12-7. CygH,gO,N, requires N, 12-85%). Light absorption (in chloroform): Maximum, 
4330 A (¢ = 41,700); inflexion, 3700 A (¢ = 21,800). 

Methyl 3: 7-Dimethyl-9-(2 : 6 : 6-Trimethylcyclohex-1-enyl)-2 : 4:6: 8-tetraenoate (Methyl 
Ester of Vitamin A, Acid) (X; R = Me).—A solution of diazomethane in ether was added to a 
suspension of vitamin A, acid (5-4 g.) in ether until no more nitrogen was evolved. Removal of 
the solvent gave a residue that readily solidified. Recrystallization from methanol—water (6 : 1) 
with cooling to —8° gave the methyl ester as yellow needles, m. p. 55—56° (Found: C, 80-3; 
H, 9-75. C,H 3.0, requires C, 80-2; H, 9-6%). 

3 : 7-Dimethyl-9-(2 : 6 : 6-trimethylcyclohexa-1 : 3-dienyl)nona-2 : 4: 6: 8-tetraenoic Acid (Cop 
Dehydro-acid) (XI; R = H).—Powdered N-bromosuccinimide (1-3 g.) was added all at once toa 
vigorously stirred solution of the methy] ester (2 g.) of vitamin A, acid in dry chloroform (20 c.c.) 
at 0°. After about 7 minutes a brown colour developed but stirring was continued for a total 
of 15 minutes, the mixture being kept at 0°. 4-Phenylmorpholine (2 g.) was added and the 
solution heated under reflux for 5 minutes, whereafter it was poured into dilute hydrochloric acid 
and pentane. The pentane extract was treated in the usual way, and the product 
chromatographed on deactivated alumina (400 g.). The column was developed with light 





(1952) Studies in the Polyene Series. Part XLIII. 2667 


petroleum and, when the main yellow band had separated, the subsidiary coloured bands above it 
were removed with a spatula. The dehydro-ester could then be eluted rapidly with ether— 
light petroleum (1: 1), evaporation giving an orange oil (1-48 g.) with light absorption : Maximum, 
3770 A (¢ = 38,600). This ester was hydrolysed by heating it under reflux in methanolic 
potassium hydroxide (30 c.c. of 10%) for 1 hour. The reaction mixture was poured into water 
and, after neutral material had been removed by extraction with pentane, the solution was 
acidified with dilute hydrochloric acid, and the acid product isolated with ether. The residue 
(1-38 g.) on crystallization from acetone gave the C,, dehydro-acid (0-46 g.) as orange-yellow 
needles, m. p. 175—177° (Found: C, 80:15; H, 9-0. C, 9H,,O, requires C, 80-4; H, 8-8%). 
Ethereal diazomethane gave the methyl ester, which crystallized as fine yellow needles from a 
small volume of methanol cooled to —20°. After two recrystallizations the m. p. was 45—47° 
(Found: C, 80-3; H, 9-1. C,,H,,0, requires C, 80-7; H, 9-05%). 

3: 7-Dimethyl-9-(2 : 6 : 6-trimethylcyclohexa-1 : 3-dienyl)nona-2 : 4: 6: 8-tetvaen-l-ol (Vitamin 
A,) (II).—Crystalline methyl ester (0-224 g.) of the C,, dehydro-acid was dissolved in dry ether 
(1 c.c.), the solution then being cooled to —30° in a flask fitted with a guard-tube containing 
potassium hydroxide pellets. Lithium aluminium hydride in ether (1-2 c.c.; 0-45m) was then 
added, and the reaction mixture kept at —30° for 3 hours. It was then allowed to warm to 20°, 
2 drops of ethyl acetate were added, and the mixture was treated with aqueous tartaric acid and 
ether—pentane (1:1). The product was chromatographed on alumina (100 g.) (deactivated with 
water, 10%). Elution with pentane removed unchanged ester, together with traces of aldehyde 
(retinene,), the vitamin being eluted finally with ether—pentane (1:1). Evaporation gave 
vitamin A, (0-098 g.) as a yellow oil. Light absorption, see Table. 

a-Tocopherol could be added to the vitamin during its isolation and purification in order to 
diminish its extreme sensitivity towards traces of oxygen, which rapidly reacts with the vitamin 
to form a white amorphous material insoluble in light petroleum. 

The reaction between the above vitamin (52 mg.) and p-phenylazobenzoyl chloride (60 mg.) 
in benzene (2 c.c.) containing a little pyridine was carried out as described for the C,,-alcohol 
derivative. After 3 recrystallizations from pentane at —20°, the p-phenylazobenzoate was 
obtained as orange needles, m. p. 73—77°. 

A similar reduction of non-crystalline methyl ester (0-225 g.) [purified by chromatography 
after dehydrobromination of the intermediate 3-bromo-compound (see above)}] with lithium 
aluminium hydride in ether (3-8 c.c. of 0-45m) gave, after the same isolation procedure, 
vitamin A, (0-10 g.), with the same light absorption properties. Formation of the p-phenylazo- 
benzoate gave a product with m. p. 78—90° [m. p. (capillary) 84—87°] after 3 recrystallizations 
from light petroleum. 

A solution of the (all-tvans-)vitamin A, in arachis oil showed 30% of the activity 
of vitamin A, when tested on vitamin-A deficient rats—for this test we are indebted 
to Dr. W. F. J. Cuthbertson of Glaxo Laboratories Ltd. Shantz and Brinkmann (J. Biol. 
Chem., 1950, 183, 467) reported that natural vitamin A, has 40% of the activity of vitamin A,. 

Anhydrovitamin A,.—Vitamin A, (0-36 g.) obtained as described above from non-crystalline 
methyl ester was dissolved in dry methanol (5 c.c.), and dry methanolic hydrogen chloride 
(40 c.c.; M/30) was added. The solution was kept at 20° for 20 minutes, then water and pentane 
were added. The crude anhydro-compound was chromatographed on alumina (100 g.) 
(deactivated with water, 10%), the column being eluted with pentane. A single yellow band 
moved rapidly down the column; elution and evaporation afforded a yellow oil (0-25 g.). This 
was dissolved in pentane (1 c.c.) and filtered through a small column of alumina (0-2 g.). The 
solution was cooled to —30° and kept at this temperature for 5 hours, and then at — 10° over- 
night whereupon a solid separated. The supernatant liquid was removed at —10° with a 
dropper and the product recrystallized twice in the same manner, to give the hydrocarbon as 
small yellow prisms (75 mg.), m. p. 87—88°. Vitamin A, (0-85 g.), when treated in the same 
way, gave anhydrovitamin A, (0-16 g.) as pale yellow prisms, m. p. 77°. 

3 : 7-Dimethyl-9-(2 : 6 : 6-trimethylcyclohexa-1 : 3-dienyl)nona-2 : 4: 6: 8-tetraenal (Retinene,). 
—A solution of vitamin A, (0-214 g.; prepared from crystalline methyl ester of the C,, dehydro- 
acid) in pentane (200 c.c.) was shaken with manganese dioxide (5 g.) in a stoppered bottle for 
18 hours. The product obtained by filtration and evaporation was chromatographed on 
alumina (100 g.) (deactivated with water, 10%). Elution with pentane-ether (100: 1) caused 
the orange retinene, band to move slowly down the column. Elution with this solvent mixture, 
followed by evaporation of the solvent, gave an orange-red oil (0-176 g.), which was dissolved in 
pentane (0-9 c.c.) and filtered through a short pad of alumina (0-2 g.) into a small tube. The 
solution was cooled to — 30° and then allowed to stand at —10° overnight. The mother-liquor 
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was removed from the solid retinene, by means of a dropper, and the compound was twice 
recrystallized from warm (30°) pentane by cooling to 0°. Retinene, (93 mg.) was obtained as 
orange-red prisms, m. p. 77—78° (Found: C, 84:75; H, 9-0. Cy oH,,O requires C, 85-05; 
H, 93%). Light absorption in pentane: Maximum, 3880 A (e = 41,100). In chloroform: 
Maximum, 4070 A (¢ = 36,500). Morton (private communication) gives respectively for these 
solvents: Maximum, 3860 (¢ = 40,900) and 4080 A (< = 38,200). 

A solution of retinene, (41 mg.) in warm methanol (2 c.c.) was treated with hydroxylamine 
acetate {from hydroxylamine hydrochloride (0-5 g.) in water (0-5 c.c.) and potassium acetate 
(1 g.) in methanol (2-5 c.c.)], and the mixture, after gentle warming, was kept at 0° for 4 hours. 
The solvent was removed under reduced pressure, and the residue washed with a little cold 
pentane and then water. The product, recrystallized from methanol, yielded retinene, oxime 
(28 mg.) as dark yellow needles, m. p. 141—143° (Found : C, 80-95; H, 9-3. Cy 9)H,;ON requires 
C, 80-75; H, 9:15%). 

A solution of retinene, (22 mg.) in methanol (1 c.c.) was treated with a few drops of 2 : 4-di- 
nitrophenylhydrazine sulphate reagent [2:4-dinitrophenylhydrazine (2 g.) in methanol 
(100 c.c.) containing sulphuric acid (7 c.c.)}|._ Water and benzene were quickly added, and the 
organic layer washed with water, dried (Na,SO,), and evaporated. The product was 
chromatographed on alumina (100 g.) (deactivated with water, 10%), and the deep red band 
eluted with benzene. After removal of solvent the residue was recrystallized by dissolving it 
in ethyl acetate at 20° and partly evaporating (and hence cooling) the solvent under reduced 
pressure. Retinene, 2: 4-dinitrophenylhydrazone was obtained as violet-black needles, m. p. 
197—199° (Found: C, 67-3; H, 6-7. CygH39O,N, requires C, 67-55; H, 6-55%). 

A solution of retinene, 2 : 4-dinitrophenylhydrazone (1-001 mg.) in chloroform (50 c.c.) had 
E\%, = 1000 at 4620 A. After being heated under reflux for 30 minutes, the solution showed 
maximal absorption at 4470 A with E}%, = 866. From a similar experiment employing ethy] 
acetate as solvent, a crystalline substance was isolated with m. p. 163—167° (Found: C, 67-35; 
H, 6-8. C,,H3yO,N, requires C, 67-55; H, 655%). The absorption maximum of this material 
in ethanol solution was at 4480 A. Morton, Salah, and Stubbs (loc. cit.) give m. p. 160—161°, 
and Professor Morton (private communication) has informed us that this product, which was 
believed to be the ‘‘ normal’ derivative of retinene,, shows maximal light absorption at 4450 A 
in ethanol solution. 

Retinene, Oxime and 2: 4-Dinitrophenylhydrazone.—Crystalline retinene, (0-3 g.) was 
prepared from vitamin A, (0-825 g.) and manganese dioxide (20 g.) in pentane (250 c.c.) as 
described above for retinene,. The aldehyde was obtained as orange prisms, m. p. 64—65°. 
Retinene, oxime was prepared in the same way as retinene, oxime; it crystallized from methanol 
as short orange-yellow needles, m. p. 134—136° (Found: C, 80-1; H, 9-8. C,9H,,ON requires 
C, 80-25; H, 9-75%). The 2: 4-dinitrophenylhydrazone separated from ethyl acetate as deep 
purple needles, m. p. 215°. 


The authors are greatly indebted to Dr. H. M. Wuest, Warner Institute for Therapeutic 
Research, New York, for a generous gift of vitamin A, acid, and to Dr. O. Isler, 
Hofmann-La Roche and Co., Basle, for kindly providing vitamin A, acetate. They thank 
Professor R. A. Morton, F.R.S., and Dr. E. M. Shantz for providing unpublished information, 
and Dr. M. St. C. Flett of Imperial Chemical Industries Limited, Dyestuffs Division, for some 
preliminary infra-red measurements on anhydro-vitamin A,. Dr. G. D. Meakins, of this 
Department, determined the remainder of the infra-red spectra on the Perkins—Elmer instrument 
made available through the generosity of the Rockefeller Foundation. One of the authors 
(J. C. H.) is indebted to the Department of Scientific and Industrial Research for a 
Maintenance Grant. 
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504. The Addition of Bromine to (+)-1-Phenylallyl Alcohol 
and the Oxidation of the (+)-Dibromo-alcohol. 


By C. L. Arcus and H. E. Strauss. 


1-Phenylallyl alcohol, to which free bromine does not add satisfactorily, 
yields 2: 3-dibromo-l-phenylpropanol on reaction with pyridine hydro- 
bromide perbromide. (+)-1-Phenylallyl alcohol forms the (+)-dibromo- 
alcohol; the latter on oxidation with chromic anhydride-acetic acid yields 
(+)-«8-dibromopropiophenone. Similar reactions with (—)-1 : 3-dimethyl- 
allyl alcohol and (+-)-l-methyl-3-phenylallyl alcohol are known to give 
optically active dibromo-ketones. It is concluded that «$-dibromopropio- 
phenone, which has an asymmetric centre only at C,,,, becomes racemised 
through the occurrence of enolisation during oxidation; the dibromo-ketones 
derived from the 1 : 3-disubstituted allyl alcohols are not racemised because 
they have at Cg, an additional asymmetric centre, which is not subject to 
racemisation by enolisation. 


KENYON and PARTRIDGE (J., 1936, 1313) found that addition of bromine to (—)-1 : 3- 
dimethylallyl alcohol (I) yielded a (+-)-2 : 3-dibromo-4-pentanol (II) which on oxidation 
with chromic anhydride in glacial acetic acid gave a (+-)-2 : 3-dibromo-4-pentanone (III). 
These reactions constitute a partial asymmetric synthesis: the original centre of asym- 
metry has been rendered symmetrical by oxidation and the optical activity of the ketone is 
due to new centres of asymmetry having been formed with the possible configurations 
present in unequal amounts. Similar reactions with (+)-l-methyl-3-phenylallyl alcohol 
(IV) yielded (—)-3 : 4-dibromo-4-phenylbutan-2-ol (V) and (—)-3: 4-dibromo-4-phenyl- 
butan-2-one (VI). Four diastereoisomeric dibromo-alcohols may theoretically be formed 
from one optical isomer of (I) or (III), e.g., from the d-allyl alcohol, the dd’d”, di'l’’, dd’l’’, 
dl'd’'-dibromo-alcohols ; however, by fractionally crystallising a specimen of (V) prepared 
from fully active (IV), Kenyon and Partridge isolated only two diastereoisomeric forms. 
These diastereoisomers, which were obtained in unequal amounts, on oxidation separately 
gave enantiomeric (+-)- and (—)-dibromo-ketones (VI). 


CHR:CH-CHR’-OH — CHRBrCHBr-CHR’-OH —> #$CHRBr-CHBr-COR’ 
(I, IV, VII) (II, V, VIII) (III, VI, IX) 
(I, II, III, R = R’ = Me; IV, V, VI, R = Ph, R’ = Me; VII, VIII, IX, R = H, R’ = Ph) 


It was decided to attempt an asymmetric synthesis with 1-phenylallyl alcohol (VII), 
an apparently simpler case because the dibromo-ketone (IX) has only one asymmetric 
centre. 

From the reaction of bromine with 1-phenylallyl alcohol Klages and Klenk (Ber., 1906, 
89, 2553) and Moureu and Gallagher (Bull. Soc. chim., 1921, 29, 1010) isolated only 1 : 2 : 3- 
tribromo-1l-phenylpropane. We have repeated the reaction in dry chloroform, carbon 
tetrachloride, and carbon disulphide ; absorption of bromine virtually ceased when 60—70% 
of that required to form the dibromo-alcohol had been added, and 1 : 2: 3-tribromo-1- 
phenylpropane crystallised and was isolated in 5—10% yield; none of the dibromo- 
alcohol (VIII) was isolated. In order to minimise the concentration of free bromine, the 
reagent pyridine hydrobromide perbromide (Djerassi and Scholtz, J. Amer. Chem. Soc., 
1948, 70, 417) was then used; from its reaction with 1-phenylallyl alcohol in glacial acetic 
acid 2: 3-dibromo-l-phenylpropanol (VIII) and 1 : 2: 3-tribromo-l-phenylpropane were 
isolated in 47% and 6% yield respectively. Repetition of this reaction with (+)-1l-phenyl- 
allyl alcohol yielded (+-)-2 : 3-dibromo-l-phenylpropanol and optically inactive 1 : 2: 3- 
tribromo-1-phenylpropane ; oxidation of this (+-)-dibromo-alcohol with chromic anhydride 
in glacial acetic acid gave optically inactive «$-dibromopropiophenone (IX) in 25% yield. 

By analogy with the syntheses reported by Kenyon and Partridge an optically active 
ketone was to be expected. The substantial differences between (IX) and the two ketones 
(III) and (VI) are: (a) the presence in (III) and (VI) of a second asymmetric centre, not 
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adjacent to the carbonyl group, and (d) the fact that the double bond in the enol of (IX) is 

conjugated with a gts: * group, tending to stabilise the enol. Ingold and Wilson (/., 

DN , 1934, 773) found (+)-2-0-carboxybenzylindan-l-one (X) to be 

C CO,H sz | stable in glacial acetic acid solution, but to become half-racemised 

/CH,——H TO in 4 minutes at 20° when hydrogen bromide is present in 0-002Mm- 

oO concentration. (-+-)-sec.-Butyl phenyl ketone in acetic acid con- 

taining nitric acid (1-19N) becomes half-racemised in 23 minutes 

at 36-75° (Bartlett and Stauffer, J. Amer. Chem. Soc., 1935, 57, 2580). The reaction 

mechanisms discussed by these authors require as an intermediate either the enol 
tee md I 


| I} 
—C—C— or its mesomeric anion —C—C— <— —C—C-—, both of which imply a 


(X) 


planar configuration for the a-carbon atom. Since oxidation of (VIII) to (IX) was by 
chromic anhydride in glacial acetic acid, the medium was probably sufficiently acid to 
catalyse the racemisation of the ketone. 

Retention of asymmetry during the similar oxidation of (II) to (III) and (V) to (VI) is 
considered to be due to the immunity of the 8-carbon atom to racemisation by enolisation. 
Two enols CHRBr-CBriC(OH)*CH, and CHRBr-CHBr-C(OH):CH, are possible; in the 
latter the asymmetric centres are not involved; when the former resumes the keto-form the 
configuration of the asymmetric centre at the B-carbon atom appears to permit one con- 


figuration of the >>CHBr group to be formed much more readily than the other, yielding 
as product a single diastereoisomer of the dibromo-ketone. 


EXPERIMENTAL 


Ligroin refers to petroleum of b. p. 100—120°. 

1-Phenylally] alcohol was prepared and resolved by Duveen and Kenyon’s method (J., 1939, 
1697). Seven recrystallisations of the quinidine salt of 1-phenylallyl hydrogen phthalate from 
methyl acetate were necessary to yield the optically pure quinidine salt of the (+)-hydrogen 
phthalate. The (+-)-l-phenylallyl hydrogen phthalate obtained from this salt had m. p. 57-5— 
60°, [a]32,, +51-0°, [«]2%,, +61-8° in carbon disulphide (/, 2-0; c, 5-03) (Found: equiv., 284. 
Calc. for C,,H,,0O,: equiv., 282). These rotatory powers are 20%, higher than those recorded 
by Duveen and Kenyon for their hydrogen phthalate, which was an oil. The methyl acetate 
mother-liquors from the resolution yielded the quinidine salt of the (—)-hydrogen phthalate ; 
it was recrystallised from acetone and gave on decomposition (—)-1l-phenylallyl hydrogen 
phthalate, m. p. 58—60°, [«]§{,, —50-8°, [a]?{,, —61-7° (J, 2-0; c, 5-01 in carbon disulphide). 
The (+-)-1-phenylally] alcohol obtained from this ester by saponification had b. p. 79—82°/3 mm., 
ni 1-5372, d}® 1-027, at3,, +5-10°, «!3,, +6-59° (/, 0-5), the rotatory powers being only 1% greater 
than those recorded by Duveen and Kenyon. Saponification of the (+-)-hydrogen phthalate 
yielded (—)-1-phenylallyl alcohol having «}3,,—5-12°, «],, —6-61° (/, 0-5). 

(+)-1-Phenylally] alcohol was conveniently purified by conversion into the hydrogen 
phthalate, and recrystallisation and hydrolysis of the latter; the alcohol so prepared had b. p. 
75—78°/1 mm., nP 1-5373. 

Bromine-addition and Oxidation.—(a) With (-+)-1-phenylallyl alcchol. Bromine (1-2 g.) in 
chloroform (16 ml.) was added dropwise to (-+)-l-phenylallyl alcohol (1-0 g.); the solvent and 
excess of bromine were removed by drawing dry air through the flask. The residual oil partly 
crystallised; the solid was filtered off and recrystallised from ethyl alcohol, oo (0-2 g.), 
m. p. 121—122°, being obtained which, after repeated recry stallisation, yielded 1 : 2 : 3-tribromo- 
1-phenylpropane, m. p. 124—125° (Found: C, 30-7; H, 2-2; Br, 67-0. Calc. ie C,H,Br, : 
C, 30-3; H, 2-5; Br, 67-2%). Grimaux (Bull. Soc. Pty 1873, 20, 121) records m. p. 124°. 
Carbon tetrachloride and carbon disulphide were also used as solvents; the solution of bromine 
was added from a burette and absorption almost ceased when 0-60—0-70 mol. of bromine had 
been added. 1: 2: 3-Tribromo-l-phenylpropane was isolated in yields of 5—10%. 

Pyridine hydrobromide perbromide, red needles, m. p. 135—138° (decomp.), was prepared 
according to Djerassi and Scholtz (loc. cit.) (these authors record m. p. 134°) except that one 
additional equivalent of hydrobromic acid was employed. When one equivalent only of 
hydrobromic acid was used the product, after three recrystallisations, had m. p. 120—125°. 
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(+)-1-Phenylallyl alcohol (3-0 g.) was allowed to react with pyridine hydrobromide per- 
bromide (7-2 g.) by the method described below for the (+)-alcohol; after the separation of 
1 : 2: 3-tribromo-l-phenylpropane (0-44 g.), m. p. 124—125°, the product was twice distilled 
and yielded (+)-2 : 3-dibromo-l-phenylpropanol (3-1 g.), an almost colourless viscous oil, b. p. 
145-5—147-5°/3 mm. (Found: C, 36-8; H, 3-4; Br, 54-9. C,H,,OBr, requires C, 37-3; H, 3-6; 
Br, 545%). Crystals slowly appeared in the liquid; they were filtered off and, after being 
washed with ligroin—acetic acid and recrystallised from hot ligroin, had m. p. 124—125° alone or 
mixed with authentic 1 : 2 : 3-tribromo-1-phenylpropane. 

(+)-2 : 3-Dibromo-l-phenylpropanol (0-2 g.) and phenyl isocyanate (0-09 g.) were heated 
on asteam-bath for 3hours. Benzeue, and then ligroin, were added to the product; the solution 
was filtered and set aside overnight: the urethane then separated. After recrystallisation from 
ether-—light petroleum (b. p. 40---60°), (+)-? : 3-dibromo-1-phenylpropyl phenylcarbamate (0-08 g.) 
was obtained as colourless rectangular c ystals, m. p. 148—149° (Found: C, 46-6; H, 3-8; 
N, 3-5; Br, 38-8. C,,H,,O,NBr, requir C, 46-5; H, 3-6; N, 3-4; Br, 38-7%). An exactly 
similar preparation with 4-diphenylyl isocyanate gave (+)-2: 3-dibromo-l-phenylpropyl 4- 
diphenylylcarbamate, m. p. 115—117° (Found: C, 54-6; H,4-0; N,2-6. C,,H,,O,NBr, requires 
C, 54-0; H, 3-9; N, 2-9%). 

Oxidation of (+)-2 : 3-dibromo-l-phenylpropanol (4-5 g.) by the method described below for 
the (+)-alcohol yielded «8-dibromopropiophenone (1 g.), long colourless rhombs, m. p. 51—53° 
(Found: C, 37-5; H, 2-7; Br, 54-4. Calc. for C,SH,OBr,: C, 37-0; H, 2:7; Br, 548%). 
Beaufour (Bull. Soc. chim., 1913, 18, 356) records m. p. 56°. 

(b) With (+)-1-phenylallyl alcohol. (-+-)-1-Phenylallyl alcohol (14:1 g.; ag, +4-13°, 
1, 0-5) was dissolved in glacial acetic acid (140 ml.). To the mechanically stirred solution, 
pyridine hydrobromide perbromide (33-8 g.) was added in portions; the reaction mixture was 
kept at 12—15°, some crystals of acetic acid being present throughout. After 45 minutes the 
solution was poured into water (1 1.), and the whole extracted four times with ether. The 
combined ethereal extracts were repeatedly washed with dilute hydrochloric acid, with aqueous 
sodium hydrogen carbonate and with water, and dried (MgSO,). The ether was distilled and the oil 
which remained was dissolved in hot cyclohexane. On cooling, needles separated which were 
filtered off and, after thrice recrystallising from hot ethyl alcohol, gave 1 : 2: 3-tribromo-l- 
phenylpropane (1-3 g.), m. p. 125—127°, optically inactive in chloroform. Evaporation of the 
cyclohexane filtrate at 20 mm. yielded (+-)-2 : 3-dibromo-1-phenylpropanol having [«]}j,, + 10-6° 
(1, 2-0; c, 5-00 in chloroform). This specimen of the dibromo-alcohol (undistilled, 25-7 g.) was 
dissolved in glacial acetic acid (260 ml.). To the solution, at 60°, chromic anhydride (9 g.) was 
added in portions during 1 hour. The solution was poured into water (1-5 1.) and thrice ex- 
tracted with ether; the combined ethereal extracts were repeatedly washed with aqueous 
sodium hydrogen carbonate, and with water, and dried (Na,SO,). The oil remaining after 
evaporation of the ether was seeded with a crystal of «$-dibromopropiophenone and kept for 
2 days, whereupon it crystallised. After being collected and washed with a small quantity of 
ligroin, the solid (13-2 g.) was recrystallised from light petroleum (b. p. 40—60°) and yielded 
«-dibromopropiophenone (4-5 g.), m. p. 51—53°, optically inactive in chloroform and in carbon 
disulphide. A further quantity (1-8 g.) of (+)-«$-dibromopropiophenone, and also (-+)- 
1 : 2: 3-tribromo-1-phenylpropane (0-3 g.), were isolated from the filtrates. On evaporation of 
the latter, a lachrymatory oil (5-7 g.) remained; it had [«]3},, —28-7° (c, 4-81 in chloroform) and 
on distillation gave a fraction, b. p. 108—114°/0-3 mm., from which (-+)-«$-dibromopropio- 
phenone was isolated. 


Thanks are expressed to Dr. J. Kenyon, F.R.S., for his interest in this work, and to Imperial 
Chemical Industries Limited for a grant. 
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505. Actinomycin. Part II.* Studies on the Chromophoric 
Grouping. 
By A. W. Jounson, A. R. Topp, and L. C. Vinine. 


The molecular weight of actinomycin B has been revised on the basis 
of quantitative hydrogenation to 1240 + 20 corresponding to an approximate 
formula C,,Hgg0,,N 2. Hydrolysis with hot aqueous barium hydroxide leads 
to an insoluble purple barium salt which on acidification yields the red 
peptide-free quinone, actinomycinol B, C,,H,,0,N, in which the original 
chromophoric system of actinomycin has been modified. The formulation 
of this compound as a substituted anthraquinone has been shown to be 
untenable and other structures containing a heterocyclic nitrogen atom are 
discussed. 


IN our previous paper (Dalgliesh, Johnson, Todd, and Vining, J., 1950, 2946) we described 
the acid hydrolysis of the red quinonoid antibiotic actinomycin (Waksman and Woodruff, 
Proc. Soc. Expt. Biol. N.Y., 1940, 45, 609) and the identification of the five amino-acids 
which were obtained together with ammonia and other unidentified products in the 
hydrolysate. The amino-acids comprised sarcosine, L-threonine, methyl-.-valine, 
L-proline, and p-valine and it was of interest that this was the first report of the occurrence 
of sarcosine in peptide combination although since that time it has been reported in 
groundnut protein (Haworth, MacGillivray, and Peacock, Nature, 1951, 167, 1068) and in 
the antibiotic vinactin C (Townley, Mull, and Scholz, Abstr., XIIth Intern. Congr. 
Chem., New York, 1951, p. 284). 

The actinomycin B used for these studies was prepared by Lehr and Berger (Arch. 
Biochem., 1949, 23, 503) and it was shown (Dalgliesh et ai., loc. cit.) that the amino-acids 
obtained from the acid hydrolysis were identical with those obtained similarly from the 
actinomycin A of Waksman and Tishler (J. Biol. Chem., 1942, 142, 519). At the same 
time as we began our degradative investigations (Dalgliesh and Todd, Nature, 1949, 164, 
830), Brockmann and Grubhofer (Naturwiss., 1949, 36, 376) commenced chemical studies 
on actinomycin C which was very similar to actinomycins A and B except that it contained 
p-alloisoleucine in place of D-valine (idem, ibid., 1950, 37, 494). More recently Brockmann, 
Grubhofer, Kass, and Kalbe (Ber., 1951, 84, 260) have described a quantitative estimation 
of the amino-acids in their actinomycin C acid hydrolysate; the results—N-methyl-.- 
valine 42, L-proline 30, D-alloisoleucine 24, L-threonine 4-3, sarcosine 1-6, and D-valine 1°,— 
led them to suggest that their starting material was not homogeneous and this was 
confirmed by counter-current distribution. It seems therefore that there is a group of 
actinomycins which differ slightly in the peptide portion of the molecule although there 
may be further differences revealed when the complete structure of the coloured fragment is 
fully known. Full details of the amino-acid content of another recently described 
actinomycin are not yet available although valine seems to be present and not isoleucine 
(Sarlet, Enzymologia, 1950, 14, 49; Nature, 1951, 168, 469), and nothing is known of the 
nature of the peptide in actinomycin J [Hirata and Nakanishi, J. Penicillin (Japan), 1949, 
2, 180). 

The molecular formula of actinomycin B was previously given as C,,H;,0,,N, on the 
basis of analyses and molecular weight determinations. Brockmann and Grubhofer (loc. 
cit.) originally formulated actinomycin C as CyH;,0,,N, but a detailed study of the 
quantitative hydrogenation, on the assumption that the molecule contains only one quinone 
and no other group capable of reversible reduction, consistently gave a value of 1200 + 25 
for the molecular weight. In view of these results and the variable figures we have 
obtained for the molecular weight of actinomycin B by cryoscopic or ebullioscopic methods, 
we also have carried out quantitative hydrogenations and have obtained a value of 
1240 + 20 which necessitates a revision of the molecular formula of actinomycin B to 


* Part I, J., 1950, 2946. 
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Ce:Hgg0,¢Nj2- In consequence there are probably nine moles of amino-acid produced 
from each mole of actinomycin after acid hydrolysis rather than five as reported previously. 
A quantitative estimation of each of the five different amino-acids has not yet been carried 
out but the action of p-amino-acid oxidase (Dalgliesh et al., loc. cit.) indicated that there 
was probably more than one D-valine unit. 

Although Brockmann e¢ al. (Naturwiss., 1949, 36, 376; Ber., 1951, 84, 260) reported 
that they were unable to prepare an acetyl derivative from actinomycin C and only a 
diacetyl derivative of the leuco-compound, we have obtained a homogeneous though non- 
crystalline orange tetra-acetyl derivative from actimomycin B (calculated on the basis of 
the revised molecular formula) and a crystalline yellow hexa-acetyl dihydro-derivative. 
Acetyl derivatives of actinomycin A were described by Waksman and Tishler (loc. cit.). 
Like the German workers we have been unable to obtain crystalline methyl derivatives 
from actinomycin, and no reaction has been observed with fluoro-2 : 4-dinitrobenzene. 

All previous workers have agreed that the red actinomycins are quinonoid in nature on 
account of their reversible reduction and the ready formation of reduced acetyl derivatives. 
The vigorous acid hydrolysis which is required to liberate the individual amino-acids 
converts the quinonoid portion of the molecule into a black insoluble material and 
consequently, in order to study the nature of the chromophoric grouping, we have 
investigated the action of alkalis on actinomycin B. The action of 10% aqueous sodium 
hydroxide or barium hydroxide at room temperature caused slow evolution of ammonia 
(one mole) and formation of a red amphoteric amorphous product, the analysis of which 
approximated to C,,H,,0,,N,,,2H,O. The general properties of this compound still 
closely resembled those of actinomycin, viz., the absorption in the visible and the ultra- 
violet region, the quinonoid nature, and the charring on treatment with hot concentrated 
hydrochloric acid, but it has not been investigated further as yet. The action of hot 
2n-barium hydroxide on actinomycin B caused evolution of ammonia and rapid formation 
of a purple precipitate together with the five free amino-acids. This precipitate was a 
barium salt and on acidification yielded a red crystalline compound which was no longer a 
peptide. While this work was in progress Brockmann and Grubhofer (loc. cit., 1950) 
issued a preliminary announcement of a similar degradation of their actinomycin C but as 
full experimental details of their work are not yet available it is not possible to make a 
detailed comparison of the two products, which are undoubtedly very similar. They 
named their compound despeptidoactinomycin C but this name is not altogether satisfactory 
as it implies that the compound contains the same chromophoric system as actinomycin 
itself. This is not the case, for, whereas actinomycin is readily charred by hot concentrated 
hydrochloric acid, this derivative is unchanged after treatment with 6N-hydrochloric acid 
at 100° for 24 hours, even in the presence of the free amino-acids liberated from the 
hydrolysis of actinomycin itself. Furthermore a comparison of the absorption spectra 
(Fig. 1) shows that a deep-seated change in the chromophoric system has occurred. We 
therefore propose to introduce the term actinomycinol B for this product from the hydrolysis 
of actinomycin B with barium hydroxide. 

It was found that the best yields of actinomycinol B (about 27%) were obtained after 
heating actinomycin B with 2N-barium hydroxide for eight hours under reflux. During 
the hydrolysis one mol. of ammonia was evolved rapidly and a second very slowly, but 
no carbon dioxide evolution was observed. Actinomycinol B was purified by 
chromotography on silica, by sublimation, and by crystallisation from nitrobenzene, being 
then obtained as red needles which gave analytical values corresponding to a formula 
C,,H,,0,N and contained two C-methy] but no O-methyl or N-methyl groups. Molecular- 
weight determinations by quantitative micro-hydrogenation confirmed this formula. The 
compound appeared to be quinonoid because of its ready reversible reduction and to contain 
acidic hydroxyl groups because of its solubility in alkalis including sodium hydrogen 
carbonate. In all of these properties, as well as in the decomposition above 300° without 
melting, in the colours given with concentrated sulphuric acid (brown), sodium hydroxide 
(red), and sodium hydrogen carbonate (reddish brown), and in the fact that it was not 
reduced with stannous chloride, there was complete agreement with the properties 
described by Brockmann and Grubhofer (loc. cit.) for their despeptidoactinomycin C. 
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However, whereas the latter product was stated to be basic in that it could be extracted 
out of ether into 5% hydrochloric acid, the reverse was true of our compound and its 
basic properties were very weak indeed. Differences were also observed in the properties 
of the acetyl derivatives. Actinomycinol B formed a triacety] derivative, m. p. 210° (from 
toluene), and a penta-acetyl leuco-derivative, m. p. 237—238°, but the triacetyl derivative 
of despeptidoactinomycin C was reported to have m. p. 164° when crystallised from toluene 
and 210° from methanol, and the penta-acetyl leuco-compound was reported as melting at 
269—271°. 

The reversible reduction of actinomycinol B together with the analysis of the acetyl 
compounds indicates the presence of a quinone but no other easily reducible group, and of 
at least two phenolic hydroxyl groups, and also that either the other oxygen atom or the 
nitrogen atom carries an acetylatable hydrogen atom. The two C-methyl groups being 
taken into account, actinomycinol B thus becomes C,,H;ON(2CO)(2CH,)(2OH) and it 
would therefore appear that the molecule is essentially aromatic and polycyclic with no 
large aliphatic fragments. It may also be noted that, if the molecule is assumed to be 
carbocyclic and to contain three fused six-membered rings, then all the carbon atoms can 
be accounted for. In view of the wide natural distribution of hydroxyanthraquinone 
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Fic. 1 Ultra-violet absorption spectra of actinomycin B 
and actinomycinol B (in methanol). 


Actinomycin B. 
Actinomycinol B. 











derivatives, we have examined very carefully the possibility that actinomycinol B might 
be an aminotrihydroxydimethylanthraquinone. At first sight there is much in favour of 
such a hypothesis; the colour and absorption spectrum and the facts that it sublimes 
without melting and gives a bright red solution in sodium hydroxide are all compatible with 
a hydroxyanthraquinone structure. The solubility in sodium hydrogen carbonate solution 
and aqueous ammonia would favour a $-hydroxyanthraquinone structure, whereas the 
brown coloration with ferric chloride is reminiscent of «-hydroxy- or a-amino-anthra- 
quinones. The ready formation of lakes with magnesium or aluminium salts observed 
with actinomycinol B is also a property of anthraquinones containing hydroxy- and/or 
amino-groups in the o-positions to one another. The formation of only a triacetyl 
derivative from an aminotrihydroxy-compound might possibly be explained on steric 
grounds. 

In the first place we sought to establish the function of the nitrogen atom in actino- 
mycinol B and in particular to examine the possibility of a primary amino-group being 
present. The very weak basic properties coupled with the failure to obtain a condensation 
product with benzaldehyde made the presence of a 8-aminoanthraquinone grouping very 
doubtful. On the other hand the characteristic colour reaction for «-aminoanthraquinones 
with sulphuric acid and paraformaldehyde (cf. I1.G. Farbenind., G.P. 455,822) was not 
observed, and although one mol. of ammonia was liberated on fusion with potassium 
hydroxide this is by no means diagnostic of a primary amino-group. All attempts to 
remove the hypothetical primary amino-group by diazotisation followed by reduction 
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(NH, —~ H) or hydrolysis (NH, —-> OH) have failed and we have been unable to obtain 
a nitrogen-free compound in this way although a wide variation in conditions of 
diazotisation was investigated. In parallel studies on authentic amino-hydroxy-anthra- 
quinones, 4-aminoalizarin could be converted without difficulty either into alizarin 
(NH, ——~> H) or purpurin (NH, —> OH); 3-aminoalizarin gave alizarin by all methods 
(cf. Schultz and Erber, J. pr. Chem., 1906, [ii], 74, 275) and 1l-amino-4 : 5 : 8-trihydroxy- 
anthraquinone gave 1:4:5: 8-tetrahydroxyanthraquinone by all methods. By 
diazotising actinomycinol B in nitrosylsulphuric acid and then heating the product with 
water at 100°, or by heating an ethanolic solution of the product under reflux or treating 
the product with cuprous oxide in cold ethanol (Hodgson and Turner, J., 1943, 86), or by 
diazotising in ethanol with amyl nitrite and concentrated sulphuric acid and heating the 
solution (Knoevenagel, Ber., 1890, 23, 2995), products were obtained which still contained 
nitrogen and resembled the original material, although the analysis and properties of the 
acetylated products indicated that some changes had occurred. 


Fic. 2. Infra-red spectrum of actinomycinol B (Nujol mull). 
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Further evidence against the presence of a primary amino-group has come from an 
examination of the infra-red spectrum of actinomycinol B (Fig. 2). The infra-red spectra 
of a number of aminoanthraquinones have been recorded by Flett (J., 1948, 1441) who 
has shown that, whereas the normal carbonyl absorption band of anthraquinone is at 
1676 cm.1, the presence of an amino-group in the molecule causes the appearance of a 
second absorption band at 1612 cm. for «-aminoanthraquinone and at 1625 cm. for 
8-aminoanthraquinone. All primary aminoanthraquinones in solution and most of them 
in the solid state show absorption bands characteristic of the NH,-group, e.g., at 3300 and 
3420 cm. in 1-aminoanthraquinone and at 3220, 3330, and 3470 cm.~! in 2-aminoanthra- 
quinone. In the case of actinomycinol B, however, the spectrum is complicated by the 
presence of hydroxyl groups. Flett (loc. cit.) showed that §-hydroxyanthraquinones, in 
which no hydrogen bonding with the quinonoid carbonyl groups is possible, show normal 
hydroxyl and carbonyl frequencies near 3350 and 1675 cm." respectively. The presence 
of an «-hydroxyl group, however, invariably caused the appearance of a low carbonyl 
frequency in the range 1590—1640 cm."! while the usual hydroxyl absorption band did not 
appear. Similar effects have been noted with other hydroxy-polycyclic quinones (Johnson, 
Quayle, Robinson, Sheppard, and Todd, J., 1951, 2633). 

We have therefore examined the infra-red spectra of certain amino-hydroxyanthra- 
quinones of known structure and have found that the above generalisations of Flett appear 
to hold good in this series also (Table). 

The infra-red spectrum of actinomycinol B indicates that there is one bonded and one 
non-bonded carbonyl group in the molecule and since there is only a single band in the 
amino-hydroxyl region of the spectrum it is unlikely that actinomycinol B can be an 
anthraquinone bearing a primary amino-group although the spectroscopic evidence does not 
exclude a possible secondary amino-group. Thus the combined evidence of chemical 
properties and infra-red spectrum eliminates a primary amino-anthraquinone structure for 
actinomycinol B. It has already been pointed out that a dimethylanthraquinone nucleus 
would account for all the carbon atoms of actinomycinol B, and hence secondary or 
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Carbonyl, amino-, and hydroxyl frequencies of amino-hydroxyanthraquinones. 
Frequency (cm.~) 


NH, or OH 





Anthraquinone — 

1 : 2-Dihydroxy-3-amino- 1631 3205, 3356, 3425, 3472 

1 : 2-Dihydroxy-4-amino- 1613, 1587 3226, 3367 

1: 4: 5-Trihydroxy-8-amino- 1592 3300, 3472 
Actinomycinol B j 1616 3278 

tertiary amino-groups could not be present as substituents; if actinomycinol B does not 
contain a primary amino-group it cannot be a derivative of anthraquinone. The possibility 
of an iminoanthraquinone formula (I) is eliminated (cf. Scholl and Parthey, Ber., 1906, 39, 
1201) because of the stability of actinomycinol B towards strong acids and the results of 
acetylation. 
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Another point of difference between actinomycinol B and the authentic amino-hydroxy- 
anthraquinones was that a gradual shift in the position and intensity of the ultra-violet 
absorption bands occurred when actinomycinol B was examined in ethanol whereas the 
substituted anthraquinones were quite stable under these conditions. The acetyl 
derivatives of actinomycinol B were also unstable in alcohols, unlike the acetylated anthra- 
quinone derivatives. 

A decision on the precise nature of the nucleus in actinomycinol B must await the 
elucidation of the structure of the product from zinc dust fusion or, alternatively, the 
structures of the oxidative degradation products. Brockmann and Grubhofer (Naturwiss., 
1950, 37, 494) isolated a colourless compound, m. p. 80°, from the zinc dust distillation of 
their despeptidoactinomycin C, and we have carried out some preliminary experiments 
with actinomycinol B which suffice to confirm that the latter compound is not a substituted 
anthraquinone. Hydroxy-methylanthraquinones are known to be converted into methyl- 
anthracenes by distillation with zinc (e.g., Flumiani, Monatsh., 1924, 45, 43) although cases 
of the removal or migration of methyl groups have been reported (e.g., Fairbourne and 
Foster, J., 1930, 1275) and we have obtained mixtures of methylanthracenes from 1 : 3- 
and 1: 4-dimethylanthraquinones. Anthracene was isolated without difficulty from 
3- and 4-aminoalizarins and from 1-amino-4 : 5 : 8-trihydroxyanthraquinone by the action 
of zinc in a zinc chloride-sodium chloride melt (Clar, Ber., 1939, 72, 1645), but with actino- 
mycinol B a similar process gave a very small yield of a neutral colourless crystalline 
substance which has not yet been obtained sufficiently pure or in sufficient quantity 
(<1 mg.) to carry out carbon, hydrogen, and nitrogen analyses. It had m. p. 117—121° 
but the position of the absorption bands in its ultra-violet spectrum (maxima at 2270, 
2720, and 2800 A) which was unchanged on acidification did not correspond to those of the 
alkylanthracenes (Clar, Ber., 1932, 65, 506) and the chromatographic properties of the 
compound were also at variance with those of authentic methylanthracenes. Further 
work on this compound is in progress and a discussion on its structure must be deferred 
until more information is available. However, it is evident that any structure for 
actinomycinol B must account for the following facts: (a) it is virtually non-basic and 
gives rise to a colourless, neutral compound on zinc dust fusion; (6) its infra-red spectrum 
shows the presence of no more than one hydrogen atom directly attached to nitrogen; 
(c) it yields triacety] and penta-acetyl dihydro-derivatives in which at least one of the 
acetyl groups is apparently labile. It may be significant that if the molecule of actino- 
mycinol B contained acyclic amide structure, -N=C(OH)- == ~NH-CO-, this would account 
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for the lack of basicity, the potential >NH grouping, and the easily hydrolysable acety] 
derivative (e.g., Goutarel, Janot, Prelog, and Taylor, Helv. Chim. Acta, 1951, 34, 1139). 
Cyclic amide structures are fairly common in Nature, and Kégl and his co-workers (Rec. 
Trav. chim., 1940, 59, 1180; 1944, 63, 251; 1945, 64, 23) have advocated the quinone 
structure (II) for the fungus pigment phomazarin although no positive evidence was 
obtained for the presence of the pyridone ring in so far as no pyridine derivatives were 
isolated either from oxidations or zinc dust fusions. 


EXPERIMENTAL 


Actinomycin B.—Anhydrous actinomycin B (92-9 mg.) in purified dioxan (10 c.c.) was 
hydrogenated in the presence of Adams’s platinum catalyst. The absorption of hydrogen 
(1-87 c.c. at 25-5°/755 mm.) did not change on continuation of the experiment for a further hour, 
and the molecular weight found was 1258 (Calc. for Cg,H,g0,.N,.: M, 1245). Another 
experiment gave a value of 1217. A sample of actinomycin B dried at 120°/0-1 mm. over 
phosphoric oxide was analysed [Found: C, 58-7; H, 7:1; N, 13-4; C-Me, 6-8; N-Me, 6-3; 
active H (Zerewitinoff), 0-39. Calc. for Cg,Hgg0,,.Ny.: C, 58:8; H, 7-1; N, 13-5; 3C-Me, 
6-5; 3N-Me, 7-0; 5 active H, 0-40%). 

Tetra-acetylactinomycin B.—(a) Actinomycin B (200 mg.) was dissolved in dry pyridine 
(10 c.c.), and acetyl chloride (3 c.c.) added dropwise to the stirred and well-cooled solution. 
After 16 hours, the mixture was diluted with water (25 c.c.), and the precipitate (100 mg.) 
collected. The product separated from aqueous ethanol as an amorphous orange-red solid, 
m. p. 227—229°, and could be chromatographed as a single band on neutral alumina (Found, in 
a sample dried at 90°/10-* mm. over phosphoric oxide: C, 58-9; H, 6-4; N, 12-2; O-Ac, 11-8. 
CegHggQ2oN 12 Tequires C, 58-7; H, 6-8; N, 11-9; 40-Ac, 12-2%). The acetyl derivative was 
insoluble in light petroleum, water, and sodium hydroxide solution, but soluble in benzene, 
acetone, ethanol, ethyl acetate, and chloroform. It also formed a deep red solution in 10% 
hydrochloric acid. 

(b) Actinomycin B (100 mg.) was suspended in acetic anhydride (2 c.c.), and 70% perchloric 
acid (1 drop) was added. After 12 hours, the solution was poured on ice. The precipitated 
acetyl derivative was identical with that obtained in the previous experiment. The ultra- 
violet absorption showed maxima at 4480 (ce, 21,700) and 4340 A (c, 21,400) and an inflection at 
2180—2210 A (e, 38,400). 

Hexa-acetyldihydroactinomycin B.—Actinomycin B (250 mg.) was suspended in acetic 
anhydride (1 c.c.) with zinc dust (1 g.), and 70% perchloric acid (1 drop) was added. The bright 
red solution slowly changed to pale green and after 12 hours became greenish-yellow. It was 
then poured on ice, the precipitate dissolved in chloroform, and the extract washed and dried. 
Concentration of the chloroform solution (to 3 c.c.) followed by dilution with carbon disulphide 
(12 c.c.) gave the product as yellow prisms (160 mg.), m. p. 262°, which was raised to m,. p. 265— 
266° by recrystallisation from toluene (Found, in an air-dried sample: C, 56-4; H, 6-9; N, 
11-3; O-Ac, 14-6; loss of weight on drying, 3-7. C,3H49s0.;N 12,3H,O requires C, 56-4; H, 6-95; 
N, 10-9; 60-Ac, 16-6; 3H,O, 3-5%). The product was insoluble in light petroleum or water, 
slightly soluble in ether, and soluble in benzene, acetone, ethanol (solution unstable on warming), 
and chloroform. It was insoluble in alkalis but readily dissolved in concentrated hydrochloric 
acid. The ultra-violet absorption showed a single maximum at 2830 A (ec, 3570). 

Hydrolysis of Actinomycin B with Cold Barium Hydroxide.—Actinomycin B (50 mg.) was 
suspended in 0-4Nn-barium hydroxide and kept at room temperature for 14 hours whereafter it had 
completely dissolved to a reddish-brown solution ; ammonia was evolved during this time. The 
product could not be extracted from the alkaline solution with chloroform but after neutralisation 
it was extracted by this solvent and precipitated from it, by addition of ethyl acetate—acetone, 
as a red amorphous solid, m. p. 195—197°. It was insoluble in ether and benzene but soluble 
in chloroform, ethyl acetate, water, ethanol, and acetone. It gave no ferric reaction but was 
reversibly reduced with sodium dithionite [Found, in an air-dried sample: C, 57-4; H, 7-1; 
N, 12-1; active H (Zerewitinoff), 0-9; loss of weight on drying, 2-5. C,,H,,0,,N,, requires 
C, 57-1; H, 7-15; N, 12-0; 12 active H, 0-94; 2H,O, 2-8%]. Light absorption: Maxima at 
4460 (c, 19,260) and 4300 A (c, 18,500) and an inflection at 2300—2340 A (c, 39,090). 

Actinomycinol B.—(i) Actinomycin B (500 mg.) was heated with 2Nn-barium hydroxide 
(40 c.c.) under reflux for 8 hours. The actinomycin rapidly dissolved to form a brownish- 
purple solution and eventually a purple precipitate was deposited. Considerable frothing 
occurred during the heating and ammonia was evolved. The purple precipitate of the barium 
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salt was separated, washed, and treated with excess of dilute hydrochloric acid and then 
thoroughly extracted with chloroform; all the solid material was transferred to the organic 
phase. The chloroform extract was washed and the solvent removed, leaving an orange-red 
solid (69 mg.) which was extracted with ethyl acetate at room temperature. The residue from 
the extraction (24 mg.) was recrystallised from nitrobenzene and gave red needles with a bronze 
metallic reflex. They darkened above 300° without melting (Found, in a sample dried at 80° 
and 10°? mm. for 12 hours over phosphoric oxide : C, 63-9; H, 4-4; N, 5-0; C-Me, 10-1; O-Me, 
0-0; N-Me, 0-0. C,gH,,0;N requires C, 64-2; H, 4-4; N, 4-7; 2C-Me, 10-05% ; M, 299). Light 
absorption in chloroform: Maxima at 2900 (¢, 23,400), 3000 (c, 20,400), and 4920 A (e, 5540); 
inflexions at 2790—2820 (c, 21,900) and 3220—3300 A (ce, 4790) respectively. The product, 
actinomycinol B (23-6 mg.), in purified dioxan absorbed 2-28 c.c. of hydrogen when hydrogenated 
over Adams’s platinum catalyst at 25-5°/758 mm., corresponding to a molecular weight of 266. 
Actinomycinol B was insoluble in water and petroleum, slightly soluble in chloroform, ether, 
ethyl acetate, and methanol, and soluble in acetone, acetic acid, pyridine, and dioxan. It was 
slightly soluble in concentrated hydrochloric acid, to an orange-red solution but was completely 
extracted therefrom by chloroform or ether. It was soluble in aqueous sodium hydrogen 
carbonate or aqueous ammonia to a red-brown solution but the deep red solution in sodium 
hydroxide was unstable and deposited a brown precipitate on being kept. Actinomycinol B 
could not be extracted into organic solvents from aqueous alkaline solutions. Its brown 
solution in sulphuric acid was not fluorescent, nor was its solution in acetic acid, and ethanolic 
solutions changed to dark brown with ferric chloride and violet-red with stannous chloride. 
Hydrogenation or zinc and acetic acid caused reversible reduction. 

(ii) In similar hydrolysis the ammonia evolved was determined by titration as the hydrolysis 
proceeded. 0-84 Mol. was liberated after 1 hour, 1-7 mol. after 9 hours, and 2-1 mol. after 
18 hours. 

Triacetylactinomycinol B.—Actinomycinol B (41 mg.) was mixed with acetic anhydride 
(2 c.c.) and 70% perchloric acid (1 drop), and after 2 hours the product was poured on ice and 
the precipitate (40 mg.) recrystallised from toluene. Triacetylactinomycinol B was thus obtained 
as yellow needles, m. p. 209-5—210° (Found, in a sample dried at 80°/0-1 mm. over phosphoric 
oxide: C, 61-8; H, 4:4. C,,H,,O,N requires C, 62-1; H, 4.5%). The acetyl derivative was 
insoluble in hydrochloric acid and sodium hydrogen carbonate solution but dissolved in aqueous 
sodium hydroxide to a deep violet-brown solution. Light absorption in ether: Maxima at 
4260 (c, 5090), 2910 (e, 19,500), 2770 (c, 20,000), 2710 (ec, 20,400), and 2350 A (e, 49,680). 

Penta-acetyldihydroactinomycinol B.—Actinomycinol B (22 mg.) and zinc dust (1 g.) were 
suspended in acetic anhydride (1 c.c.), and 70% perchloric acid (1 drop) added. After 48 hours 
excess of zinc was removed and the solution poured on ice. The precipitate was extracted with 
toluene and washed, and the extract, which had an intense blue fluorescence, was washed, dried, 
and concentrated until the product crystallised on cooling as pale yellow rods (19 mg.), m. p. 
237—238° (Found, in a sample dried at 80°/0-1 mm. for 24 hours over phosphoric oxide: C, 
61-5; H, 5-1; O-Ac, 41-1. C,,H,,;0,)N requires C, 61:1; H, 4:9; 50-Ac, 43-6%). Light 
absorption in ethanol: Maxima at 3910 (ec, 4270), 3150 (e, 7620), and 2650 A (e, 9320) and an 
inflexion at 2240—2380 A (e, 21,630). 

Fusion of Actinomycinol B with Potassium Hydroxide.—Actinomycinol B (10 mg.) was 
heated with molten potassium hydroxide (300 mg.) during 45 minutes and the liberated ammonia 
(1-1 mol.) was determined by titration. 

Diazotisation Experiments.—(i) Cuprous oxide method. 1-Amino-4 : 5 : 8-trihydroxyanthra- 
quinone (25 mg.) was dissolved in sulphuric acid (0-25 c.c.) containing sodium nitrite (35-5 mg.), 
and the solution added slowly to glacial acetic acid (1 c.c.) cooled in ice. The resulting mixture 
was added to a suspension of cuprous oxide (0-17 g.) in ethanol (1 c.c.). After 3 hours, water 
(2 c.c.) was added and the precipitate separated, dried, and extracted with ether. The ethereal 
solution was evaporated and the residue recrystallised from aqueous ethanol, giving brown 
needles with a green metallic reflex whose colour reactions (sulphuric acid, sodium hydroxide, 
acetic acid, pyridine) were indistinguishable from those of authentic 1 : 4: 5: 8-tetrahydroxy- 
anthraquinone. The product darkened and sublimed above 300° but did not melt. The 
acetyl derivative crystallised from toluene as yellow needles, m. p. 281-5—282-5° (Allen, Frame, 
and Wilson, J. Org. Chem., 1941, 6, 732, give m. p. 281—282° for 1:4: 5: 8-tetra-acetoxy- 
anthraquinone). A mixture of l-acetamido-4 : 5 : 8-triacetoxyanthraquinone, m. p. 274°, and 
1: 4:5: 8-tetra-acetoxyanthraquinone formed two pale yellow bands when applied as a solution 
in benzene (500 parts)—ethanol (1 part) to a column of silica. 

A similar experiment with actinomycinol B gave a product which still contained nitrogen 
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and, although very similar to the starting material, the acetylated product could be separated 
from triacetylactinomycinol B by chromatography. 

(ii) Hypophosphorous acid. 4-Aminoalizarin (20 mg.) was dissolved in cooled sulphuric 
acid (0-25 c.c.) containing sodium nitrite (100 mg.). After 3 hours hypophosphorous acid 
(1 c.c. of 40%) was added dropwise to the cooled solution (ice). After 20 hours at 0°, the 
precipitate (9 mg.) was separated and recrystallised from aqueous ethanol, to give alizarin as 
orange needles, m. p. 289—291° alone or mixed with an authentic specimen. 

(iii) Amyl nitrite method. 1-Amino-4: 5: 8-trihydroxyanthraquinone (37 mg.), amyl 
nitrite (100 mg.), and concentrated sulphuric acid (0-2 c.c.) were dissolved in ethanol (200 c.c.). 
After 10 minutes, the solution was heated under reflux for 1 hour, concentrated (to 10 c.c.), and 
diluted with water (20 c.c.). The precipitate (35 mg.) was recrystallised from pyridine, to give 
brown needles (16 mg.) of 1: 4:5: 8-tetrahydroxyanthraquinone identical with the product 
from (i) above. 

A similar experiment with actinomycinol B gave a red crystalline product which still 
contained nitrogen and closely resembled the material obtained by method (i). 


We are deeply indebted to Dr. F. Irving of the Dyestuffs Division of Imperial Chemical 
Industries Limited for helpful discussions and for samples of various substituted anthraquinones, 
and to the Royal Commissioners for the Exhibition of 1851 for an Overseas Studentship (to 


L. C. V.). Infra-red spectra were determined by Dr. R. N. Haszeldine to whom we accord our 
thanks. 
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506. The Chemistry of Polymerised Oils. Part I1I.* Reduction of 
Some Organic Peroxides with Lithium Aluminium Hydride. 


By M. Matic and Dona.Lp A. SuTTON. 


Dibenzoyl, methyl «-tetralyl, and di-fert.-butyl peroxide, and ascaridole 
with lithium aluminium hydride give the expected alcohols in good yields. 
In each case the primary reaction probably involves fission of the O-O linkage. 
Only one-half of the total hydrogen of lithium aluminium hydride is displaced 
during reaction with ascaridole and with methy] «-tetralyl peroxide. 


Tue study reported here was undertaken as a preliminary to an examination of the 
reduction of peroxidised oils by lithium aluminium hydride. It has already (Sutton, 
Chem. and Ind., 1951, 272) been reported that cyclohex-2-enyl hydroperoxide and tetraly] 
hydroperoxide are smoothly reduced by lithium aluminium hydride to the corresponding 
alcohols. It was suggested that the primary reaction with lithium aluminium hydride 
involves fission between the oxygen atoms of the —O°OH groups, so that the lithium 
aluminium alkoxides are formed directly. In more precise measurements the volume of 
hydrogen evolved in the case of pure tetralyl hydroperoxide corresponds very closely to 
two moles per mole of peroxide, in agreement with the postulated fission. 

Four peroxides, of different types, have now been studied. Dibenzoyl peroxide reacts 
with almost explosive vigour, methyl a-tetralyl peroxide and ascaridole at moderate speeds, 
and di-tert.-butyl peroxide very slowly, the expected alcohols being obtained in good yields. 

In agreement with Hochstein (J. Amer. Chem. Soc., 1949, 71, 305), it was found that 
one mole of hydrogen was evolved per mole of dibenzoyl peroxide : 


2(Ph-CO-O), + 3LiAIH, —> LiAl(O-CH,Ph), + 2H, + 2LiAl0, 


This representation is supported both by the identification of the final product as benzyl 
alcohol and by Hochstein’s report (loc. cit.) that approximately 1-5 moles of hydride are 
consumed per mole of peroxide. 

Methyl «-tetralyl peroxide and ascaridole each gave one mole of hydrogen per mole on 
reaction with excess of hydride, thus supporting the view that the primary reaction involves 


* Part II, Clingman and Sutton (J. Amer. Oil Chem. Soc., in the press), 
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fission of the O-O bond. For the very slow reaction of di-tert.-butyl peroxide at room 
temperature quantitative measurement of hydrogen was impossible. 

Unexpectedly, about one half of the ascaridole was recovered unchanged after reaction 
with slightly more than a half-molar proportion of lithium aluminium hydride, even 
although the reaction time was greater than that necessary for the evolution of the full 
amount of hydrogen in small-scale experiments. In the latter experiments an excess of 
hydride had been used in the usual way. No ascaridole was unchanged when a twice-molar 
proportion of hydride was used. It therefore seemed possible that only one-half of the 
hydrogen of lithium aluminium hydride was available for replacement in this case. This 
was confirmed as follows: an excess of ascaridole was added to a solution of lithium 
aluminium hydride, the hydrogen evolved being measured; an excess of m-octyl alcohol 
was then added and approximately twice the volume of hydrogen already evolved was 
given off. Methyl «-tetralyl peroxide behaved in the same way and the following reaction 
scheme is tentatively suggested : 


RO-OR’ + LiAIH, —> LiAl(OR)(OR’)H, + H, 
LiAl(OR)(OR’)H, + 2R”OH —> LiAl(OR)(OR’)(OR”), + 2H, 


The finding that only one-half of the total hydrogen of lithium aluminium hydride is 
available for replacement in the above two examples is paralleled by the behaviour of 
nitriles (Amundsen and Nelson, zbid., 1951, 73, 242). Lithium aluminium hydrogen 
complexes may possibly have greater selective powers of reduction than the parent 
hydride and may also find applications in asymmetric reductions (cf. Bothner-By, ibid., 
p. 846). 

On hydrogenation of the crude cis-p-menthene-1 : 4-diol resulting from reduction of 
ascaridole, a small amount of an unidentified substance of m. p. 125—128° was obtained, 
in addition to the expected cis-1:4-terpin. Examination of molecular models showed 
that the formation of trans-p-menthene-1 : 4-diol is not to be expected from the reduction 
of ascaridole, so that the substance is unlikely to be trans-1 : 4-terpin (m. p. 137°); it 
probably arose from traces of an impurity in the ascaridole, the preparation of which in 
absolutely pure condition is known to be extremely difficult (Paget, J., 1938, 829). Some 
difficulties were encountered during the preparation, for comparison, of cis-p-menthene- 
1: 4-diol by partial hydrogenation of ascaridole, owing to the incomplete descriptions 
given in the older literature; it was found that the method of preparation of the palladium 
catalyst and the catalyst : ascaridole ratio are extremely important (see Experimental 
section). 

Reduction of di-éert.-butyl peroxide was carried out at 135°, the yield of ¢éert.-butyl 
alcohol recovered being 67°, based on the total hydrogen content of the lithium aluminium 
hydride used. Presumably the much higher temperature of reaction was responsible for 
the yield being higher than the 50% to be expected on the basis of the above reaction 
scheme. 

EXPERIMENTAL 
M. p.s are uncorrected. 


Reductions with Lithium Aluminium Hydride.—On the preparative scale ether was used as 
solvent, except where otherwise stated; the procedure is given fully below for the case of 
dibenzoy! peroxide. Gas volumes quoted for small-scale experiments, in which di-n-butyl 
ether was used as solvent, are corrected to N.T.P., the vapour pressure of di-n-butyl ether at 
the temperatures used being taken into account. 

Determination of Active Hydrogen.—The lithium aluminium hydride method was used 
(cf. Hochstein, Joc. cit.), di-n-butyl ether being the solvent. 

Reaction of Tetralyl Hydroperoxide with Lithium Aluminium Hydride.—Pure tetralyl peroxide 
was added to an excess of lithium aluminium hydride in di-n-butyl ether at room temperature 
[0-0093 g. gave 2-56 c.c. of H, (N.T.P.); 0-0068 g. gave 1-82 c.c. of H, (N.T.P.). Calc. for 2H, 
per C,,H,,0,: 2-54 c.c. and 1-86 c.c. respectively}. 

Reduction of Dibenzoyl Peroxide.—Dibenzoyl peroxide (4-84 g., 0-02 mole), purified by 
Nozaki and Bartlett’s method (J. Amer. Chem. Soc., 1946, 68, 1686), in dry ether (50 c.c.) was 
added slowly with stirring to lithium aluminium hydride (1-52 g., 0-04 mole) in ether (75 c.c.). 
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After a further 30 minutes’ refluxing the complex was decomposed in the usual way (Nystrom 
and Brown, ibid., 1947, 69, 1197, 2548) with dilute sulphuric acid, and the product extracted 
with ether, to yield benzyl alcohol (3-78 g., 87-59%) which was distilled (b. p. 110°/32 mm.) 
(Found: C, 77-8; H, 7-65; active H, 0-94. Calc. for C,H,O: C, 77-8; H, 7-4; active H, 
0-925%) and characterised as its a-naphthylurethane (m. p. and mixed m. p. 134°). 

Dibenzoyl peroxide was treated with excess of lithium aluminium hydride in di-n-butyl 
ether (0-0352 g. gave instantaneously 3-26 c.c. of H, (N.T.P.). Calc. for H, per CygH,,0,: 
3-26 c.c.]. Addition of a larger quantity (ca. 0-2 g.) of benzoyl peroxide to lithium aluminium 
hydride solution resulted in an explosion of moderate violence. 

Reduction of Methyl «-Tetralyl Peroxide—(a) With an equimolar proportion of lithium 
aluminium hydride. Methyl «-tetralyl peroxide (2-4 g., 0-0135 mole) (Hock and Lang, Ber., 
1942, 75, 310) and lithium aluminium hydride (0-5 g., 0-013 mole) were used. After 2-5 hours’ 
refluxing, the complex was decomposed and the ethereal extract washed with water (5 x 4 c.c.). 
The combined aqueous layer and washings were distilled until pure water came over, and the 
distillate was divided into two portions. Determination of the methanol in one portion (method 
adapted from Lomond, Analyst, 1949, 74, 560) gave 0-224 g. (52%) for the methyl alcohol 
content of the total distillate. The other portion was oxidised with acid permanganate (Wright, 
Ind. Eng. Chem., 1927, 19, 750) and then distilled into dimedone solution; the dimedone 
derivative of formaldehyde slowly separated and was recrystallised from aqueous alcohol (m. p. 
and mixed m. p. 188°). 

The ethereal extract yielded crude «-tetralol (1-9 g., 95%) which on distillation gave a main 
fraction (1-5 g.; b. p. 144—5°/28 mm.) which solidified (m. p. 33—34°, from pentane) (Found : 
C, 80-9; H, 8-2; active H, 0-67. Calc. for C,,H,,0: C, 81-0; H, 82%; active H, 0-675%) 
and was characterised as its phenylurethane (m. p. and mixed m. p. 121—122°). 

(b) Measurements of hydrogen from methyl a-tetralyl peroxide and lithium aluminium hydride. 
Methyl «-tetralyl peroxide was treated with an excess of lithium aluminium hydride in di-n- 
butyl ether [0-0281 g. gave, during 3 hours, 3-48 c.c. of H, (N.T.P.). Calc. for H, per C,,H,,0, : 
3-53 c.c.). 

An excess of methyl «-tetralyl peroxide (0-05 g.) was added at room temperature to a solution 
of lithium aluminium hydride (ca. 3 mg.) in di-n-butyl ether; after evolution of hydrogen had 
ceased (3 hours) an excess of n-octyl alcohol (>0-1 g.) was added [1-62 c.c. of H, (N.T.P.) were 
evolved after addition of peroxide; 2-78 c.c. after subsequent addition of m-octyl alcohol}. 

Reduction of Di-tert.-butyl Peroxide.—Di-tert.-butyl peroxide (10 g., 0-0685 mole) (Milas and 
Surgenor, J. Amer. Chem. Soc., 1946, 68, 205) and lithium aluminium hydride (1-5 g., 0-0395 mole) 
were refluxed in boiling (135°) di-n-butyl ether (70 c.c.) for 4 hours. After acid decomposition, 
the ethereal layer was washed with water (10 x 20 c.c.); the combined aqueous solutions were 
distilled at 650 mm. through a column (48 x 1 cm.) packed with Cannon rings, to give fractions 
(a) b. p. 75—80° (4:2 g.), (6) b. p. 80—94° (7-3 g.), and (c) b. p. 94—96° (12-5 g.). On 
redistillation, fraction (c) gave a small fraction (d), b. p. <85°, which was combined with (a) and 
(6); the combined fractions were dried (KOH) and redistilled, to yield ¢ert.-butyl alcohol, b. p. 
76—78° (7-97 g.) which from refractive-index measurements contained 2:2% of water, so that 
the yield recovered was 77% (67% based on the hydrogen content of the lithium aluminium 
hydride). The alcohol was characterised as its phenylurethane (m. p. and mixed m. p. 135°) 
(Found : C, 68-6; H, 7-9; N, 7-2. Calc. for C,,H,,O,N: C, 68-4; H, 7-8; N, 7-25%). 

Reduction of Ascaridole.—(a) With an approximately half-molar proportion of lithium 
aluminium hydride. Ascaridole (8-91 g., 0-053 mole) prepared from chenopodium oil (Paget, 
J., 1938, 829) and lithium aluminium hydride (1-2 g., 0-0316 mole) were used. After 4-5 hours’ 
refluxing, the complex was decomposed and the aqueous layer was extracted ten times with 
ether; the combined ethereal solutions yielded an oil (8-43 g.), some of which (7-23 g.) was 
distilled at 0-5 mm. to give: (a) b. p. <57° (0-15 g.), (b) b. p. 57° (3-1 g.), (c) b. p. 57—92° 
(0-4 g.), (d) b. p. 92° (2-4 g.), and (e) residue ca. 1 g. Fractions (a) and (b) were unchanged 
ascaridole, fraction (d) crystallised, to give cis-p-menthene-1:4-diol, m. p. 82° after 
recrystallisation from isohexane-ethyl acetate (Bodendorf Arch. Pharm., 1933, 271, 1; Paget, 
loc. cit.) (Found: C, 70-6; H, 10-8; active H, 1:19. Calc. for C,)H,,0,: C, 70-6; H, 10-6; 
active H, 1-18%); on hydrogenation in the presence of Adams's catalyst it gave cis-1 : 4-terpin 
(m. p. and mixed m. p. 116—117°). 

(b) With an approximately twice-molar proportion of lithium aluminium hydride. Ascaridole 
(2-99 g., 0-0178 mole) and lithium aluminium hydride (1-5 g., 0-0395 mole) were used. Working 
up as above, after 4-5-hours’ reaction, and distillation gave an oil (b. p. 96°/0-5mm.; 2-2 g. 73%), 
no ascaridole being detected. The distillate crystallised, 65% of it being recovered as pure 
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cis-p-menthene-1 : 4-diol, m. p. 82° after crystallisation from isohexane-ethy] acetate (m. p. 80— 
82° in admixture with cis-p-menthene-1:4-diol of m. p. 79—80° prepared by partial 
hydrogenation of ascaridole, see below) ; the filtrate was hydrogenated and a small amount of a 
substance, m. p. 125—128°, was recovered in addition to cis-1 : 4-terpin arising from residual 
cis-p-menthene-1 : 4-diol. 

(c) Measurements of hydrogen evolution from ascaridole and lithium aluminium hydride. 
Ascaridole was treated with an excess of lithium aluminium hydride in di-n-buty] ether [0-0219 g. 
gave, during 4 hours, 2-94 c.c. of H, (N.T.P.). Calc. for H, per C,9H,,0,: 2-92 c.c.}. 

In duplicate experiments an excess of ascaridole (>0-1 g.) was added at room temperature 
to a solution of lithium aluminium hydride (3—5 mg.) in di-n-butyl ether; after evolution of 
hydrogen had ceased (4 hours) an excess of n-octyl alcohol (>0-1 g.) was added [2-38 c.c., 
2-07 c.c. of H, (N.T.P.) evolved after addition of ascaridole; 4-89 c.c., 3-86 c.c. of H, after 
subsequent addition of »-octyl alcohol]. 

(d) Semi-hydrogenation of ascaridole. When ascaridole was hydrogenated (one mole/mole) 
in methanol in the presence of palladium black (10% by wt. of the ascaridole; made by the 
action of formaldehyde and potassium hydroxide on palladium chloride) the chief products were 
ascaridole and cis-1: 4-terpin. Hydrogenation over palladium chloride and charcoal (hydro- 
chloric acid not removed by washing) with the same palladium-—ascaridole ratio as was used by 
Bodendorf (loc. cit.) resulted in a product containing ascaridole, cis-1 : 4-terpin, and cis-p- 
menthene-l1 : 4-diol; the last two could not be satifactorily separated by several recrystallisations 
from ethyl acetate—heptane or cyclohexane-heptane. Fairly pure cis-p-menthene-1 : 4-diol was 
prepared as follows: 1 c.c. of a 1% palladium chloride solution and 0-1 g. of charcoal in 50 c.c. 
of distilled water and 1 c.c. of 33% formaldehyde solution were decomposed at 0° with 2 c.c. of 
50% potassium hydroxide solution. The catalyst was well washed (water and then ethanol), 
dried, and used to hydrogenate (0-5 mole/mole) ascaridole (15 g.) in ethanol (50 c.c.); the diol 
fraction recovered by distillation had m. p. 74—78° and was three times recrystallised from 
cyclohexane—heptane (1 : 5), giving cis-p-menthene-1 : 4-diol, m. p. 79—80°. 


The authors thank Dr. W. S. Rapson for valuable discussions, Mr. I. J. de Villiers for 
assistance with preparations, and Mr. D. J. S. Gray and Mr. F. W. G. Schéning for 
carrying out the microanalyses; vapour pressures of di-n-butyl ether were determined by 
Mr. P. le Roux Malherbe. This paper is published by permission of the South African Council 
for Scientific and Industrial Research. 
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507. A Basic Trinuclear Ruthenium Acetate. 
By F. S. Martin. 


The reduction of ruthenium tetroxide by acetaldehyde in anhydrous 
acetic acid—carbon tetrachloride causes precipitation of the trinuclear basic 
acetate [Ru,(OAc).(OH),](OAc),7H,O. This compound dissolves slowly in 
water to give an intensely blue solution, and rapidly in pyridine to give a 
solution which becomes green when warmed. [Ru,(OAc),py;]Cl,PtCl, (py = 
pyridine) is precipitated from the aqueous solution of the pyridyl derivative 
by addition of chloroplatinic acid in dilute hydrochloric acid. 


Basic trinuclear complex salts of transitional-group metals are known for chromium, 
vanadium, iron, and cobalt. The type formula of these compounds is [M™(X).(OH)]Y 
where M"™! represents a tervalent metal, X may be a lower fatty acid radical, e.g., formate 
or acetate, or half of a dibasic acid radical such as succinate, and Y is any monobasic anion. 
References to investigations of these compounds are numerous, much of the work being 
done by Weinland and his collaborators (e.g., Ber., 1916, 49, 1003; Z. anorg. Chem., 1924, 
132, 209; 1926, 152, 1). Tervalent iron readily forms this type of trinuclear complex and 
it might be expected that tervalent ruthenium would behave similarly since other analogous 
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series of compounds of the iron-ruthenium—osmium sub-group are well established, e.g., 
the trisdipyridyls [M™@(dipy),]Cl, and the tris-o-phenanthrolines [M"™(phenan),]Cl, 
(Blau, Monatsh., 1898, 19, 651; Burstall, J., 1936, 173). The general method of preparing 
the trinuclear basic acetates of iron is to heat ferric hydroxide or chloride with glacial 
acetic acid. This method has been applied to ruthenium in one case. Mond (J., 1930, 
1247) heated hydrated ruthenium oxide with glacial acetic acid and obtained the binuclear 
complexes Ru,(OAc),(OH),(H,O),, Ru,(OAc),(OH)3(H,O),, Ru,(OAc)(OH),(H,O),, and 
Ru,(OAc);(OH). On heating the hydrated oxide with formic acid, however, Mond obtained 
a compound with a formula approximating to Ru,(H*CO,),(OH),,5H,O. He based these 
formulations on the assumption that the hydrated ruthenium oxide used was the tervalent 
oxide. This assumption is not entirely justified since the method used for the preparation 
of the oxide (precipitation from ruthenium trichloride by alkali) leads to the simultaneous 
formation of some ruthenium(Iv) hydrated oxide. 

The present paper describes how a trinuclear ruthenium(II) compound is obtained by 
reduction of Ru(vii1) in an anhydrous acetic acid system, the valency of the product being 
unambiguously determined. 


EXPERIMENTAL 


Anhydrous solutions of ruthenium tetroxide in carbon tetrachloride were mixed with approx. 
50% by volume of glacial acetic acid. Acetaldehyde was added to the mixture until an intensely 
dark blue precipitate formed and slowly settled. The precipitated complex was filtered off on a 
sintered-glass disc, washed well with carbon tetrachloride, and dried in a vacuum-desiccator 
over silica gel. Only one product is formed, hence this procedure yields material free from 
by-products since acetaldehyde is oxidised to acetic acid by ruthenium tetroxide. The valency 
of the ruthenium in the product was shown to be three by measuring the number of equivalents 
of ceric iron consumed in oxidation back to Ru(vi1). 2-3 Acetate groups were found per 
ruthenium atom (Found: Ru, 34:7; OAc, 47-2; H,O, 14:5. Ru,(OAc),(OH),,7H,O requires 
Ru, 34-7; OAc, 47-1; H,O, 14.4%). One acetate group was found to be anionic by adsorption 
of the blue [Ru,(OAc),(OH),|* cation on a cation-exchange resin (Zeocarb 225), and the 
compound is therefore formulated [Ru,(OAc) .(OH),](OAc),7H,O. 

The complex dissolves in pyridine to give a blue solution, becoming intensely green when 
warmed. When the excess of pyridine is removed by evaporation a sticky green residue, highly 
soluble in water, is obtained. The green aqueous solution, on addition of chloroplatinic acid 
dissolved in dilute hydrochloric acid, yields a blue-greem precipitate. This salt was washed with 
cold water and dried in vacuo over silica gel {Found: Ru, 18-5; C,;H,N, 25-3; Cl, 15-3; H,O, 
7-8. [Ru;(OAc),(C;H;N),;|Cl,PtCl,,7H,O requires Ru, 18:7; C;H,;N, 24-4; Cl, 15-3; H,O, 
78%}. 

ae of Ruthenium Tetroxide.—This oxide was distilled from ruthenium(rv) sulphate 
solutions in the presence of periodic acid. The distillate was collected in ice-cold carbon tetra- 
chloride, and the solution was freed from water by shaking it with anhydrone. 

Analysis.—(a) Ruthenium was analysed by the absorptiometric method of Marshall and 
Richard (U.S.A.E.C. unclassified document no. AECU 224). In this method the sample is 
fused with potassium hydroxide and potassium nitrate in a silver dish. The melt is dissolved 
in 2N-potassium hydroxide, and the orange ruthenate colour is determined in a Spekker 
absorptiometer with a combination of Wratten 50 and O.B.2 filters. 

(b) Acetate groups were determined by distillation from phosphoric acid solution. The 
distillate was boiled under reflux to remove carbon dioxide, and the acetic acid titrated with 
standard alkali. 

(c) Pyridine was determined by distillation from strongly alkaline solution, the distillate 
being titrated with standard hydrochloric acid to screened methyl-orange. 

(d) Chlorine was determined by precipitation with silver nitrate after fusion of the sample 
with sodium carbonate and dissolution in water. 

(e) Water was determined by the loss of weight on heating in an electric air-oven at 115°. 

Confirmation of Valency.—A sample of the complex was heated at 90° with a known excess of 
ceric ammonium sulphate in 2N-sulphuric acid for about 1 hour, the ruthenium being all 
converted into the volatile ruthenium(viml) oxide. This was removed by air-sparging the hot 
solution, and the excess of ceric ion was titrated with ferrous ammonium sulphate. The 
consumption of ceric ion was five equivs. per ruthenium atom, and the oxidation state of the 
ruthenium is therefore 8 —- 5 = +3. 





2684 Atkinson: The Mercury-photosensitised 


DISCUSSION 


The hexa-acetatodihydroxytriruthenium univalent cation described here is exactly 
analogous to the chromium and iron complexes described, e.g., by Weinland et al. (locc. cit.). 
The univalent trinuclear cation never contains less than six acetato- (or other monobasic 
acido-) groups or less than three dibasic acido-groups. The hydroxy-groups, however, may 
be replaced, either singly or both together, resulting in an increase in valency of the cation 
from one to two to three. Thus the compounds [Cr,(OAc),OH](OAc),,5H,O and 
[Fe,(OAc),](OAc)Cr,0,,H,O have been described by Weinland (Ber., 1908, 41, 3236). The 
trinuclear ruthenium chloroplatinate described above is an example of a pyridyl] derivative 
of the tervalent cation type. Weinland has described both pyridyl and ammino-derivatives 
of the triferric and trichromium hexa-acetato-bases. 

The complex [Ru,(OAc).(OH),JOAc,7H,O dissolves in alkali hydroxides, giving an 
immediate green solution, but the colour changes from blue to brown slowly in dilute acids 
and rapidly in concentrated acids. The substance is apparently stable to ammonia, 
whereas under the same conditions the triferric compound yields a precipitate of ferric 
hydroxide. 

Since osmium tetroxide is similar to ruthenium tetroxide in many of its reactions, it 
seems possible that the analogous triosmium complex could be prepared by reduction of 
the tetroxide in acetic acid and thus complete the series for the Fe-Ru-Os sub-group. 


The author is indebted to Dr. J. S. Anderson for helpful discussions, and to the Director, 
A.E.R.E., for permission to publish the work. 
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508. The Mercury-photosensitised Reactions of Tetrafluoroethylene. 
By B. ATKINSON. 


The main products of the mercury-photosensitised reactions of tetrafluoro- 
ethylene at 30° have been identified as hexafluorocyclopropane and polytetra- 
fluoroethylene. The variations of rates of formation of these products 
with pressure of tetrafluoroethylene and with intensity of light have been 
studied. Some observations on the effects of polymer dust and hexafluoro- 
cyclopropane on the rates of reaction are discussed. 

Over the pressure range 1—35 cm. the quantum efficiency of formation 
of hexafluorocyclopropane increases with increasing pressure. At 5 cm. the 
quantum efficiency is almost independent of intensity but at higher pressures 
an increase in intensity was found to lower the quantum efficiency. 

It is shown that the experimental results are fairly well represented by a 
mechanism involving scission of tetrafluoroethylene into difluoromethylene, 
followed by addition of the free radicals to tetrafluoroethylene to form 
hexafluorocyclopropane or to initiate polymerisation. A high proportion of 
the free radicals recombine either in the gas phase or at the walls. 

The reaction of tetrafluoroethylene is contrasted with the mercury- 
photosensitised reactions of ethylene. 


ABSORPTION of the 2537-A mercury resonance line by mercury vapour in the presence of 
tetrafluoroethylene is accompanied by polymerisation of the fluorocarbon and a decrease 
in the total pressure (Atkinson, Nature, 1949, 163, 291). This reaction is interesting both 
as a mercury-photosensitised reaction and as one involving fluorocarbon free radicals. 
It may be compared and contrasted with the mercury-photosensitised reactions of ethylene 
at ordinary temperatures in which free-radical formation is only a secondary process and 
initially there is a pressure rise (Le Roy and Steacie, J. Chem. Phys., 1941, 9, 829). 

The obvious product of the reactions of tetrafluoroethylene is a white polymer. Owing 
to the low quantum efficiency at high light intensities, the reactions in the experiments 
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described here were always fairly slow and only comparatively small amounts of products 
could be produced. Hexafluorocyclopropane, the main product of the primary reactions, 
has been separated by vacuum fractionation, but the volatile higher fluorocarbons formed 
have not been identified. When the percentage conversion was low the yield of volatile 
products other than hexafluorocyclopropane was negligible. 

Although some useful information could be obtained simply by measuring pressure 
changes, it was clear that polymer and hexafluorocyclopropane were not formed in any 
universally constant ratio and that the separate rates of formation of these products must 
be measured. An attempt was made to follow the formation of hexafluorocyclopropane 
by gas analysis, advantage being taken of the olefinic properties of tetrafluoroethylene. 
It was found that a solution of mercuric sulphate in diluted sulphuric acid, an excellent 
absorbing reagent for ethylene (Francis and Lukasiewicz, Ind. Eng. Chem. Anal., 1945, 17, 
703), does not react with tetrafluoroethylene. A concentrated solution of bromine in 
aqueous potassium bromide was found to be a satisfactory reagent in that it did not react 
with hexafluorocyclopropane but absorbed tetrafluoroethylene. When the gas mixture 
was to be irradiated again after analysis the alternative methods, vapour-density 
determination by direct weighing, and vacuum fractionation, were used. 

For a complete interpretation of the results of rate measurements on mercury- 
photosensitised reactions it is essential to know the intensity both of the light absorbed 
and of that re-emitted as fluorescence radiation. There is a gas pressure above which 
little error is involved in assuming that quenching of fluorescence is complete, this pressure 
being related to the quenching cross-section of the gas molecule concerned. As the 
quenching cross-section for tetrafluoroethylene and Hg*P, atoms is not known, it was 
necessary to measure the intensity of fluorescence radiation over a range of pressures. 
These measurements served also as a means of calculating approximate figures for the 
intensity of light quenched in the region of incomplete quenching. 

Approximate measurements of quantum yield have been made. To obtain a parallel 
beam suitable for thermopile measurements much of the lamp intensity had to be sacrificed 
and percentage error of measurements was consequently high. The method adopted to 
measure higher intensities made use of Le Roy and Steacie’s value of 0-37 for the quantum 
efficiency of the mercury-photosensitised reaction of ethylene (Joc. cit.). 

The experimental results show the mercury-photosensitised reactions of tetrafluoro- 
ethylene to be complex. Further work will be required to test and extend the theories 
given here. 

EXPERIMENTAL 


A pparatus.—The fractionating line was of conventional design and consisted of four 30-c.c. 
traps joined in series and individually joined to the main vacuum line. A branch of the main 
line terminated in the section shown in Fig. 1. This included the reaction tube A, a 
small trap, B, used in filling the reaction tube, a spoon gauge, taps for adjusting the air pressure 
on the exterior of the gauge, and two wide-bore mercury manometers. Movements of the 
spoon-gauge pointer were magnified 25 times by projection. The apparatus was evacuated 
by a single-stage mercury-diffusion pump backed by a Cenco “‘ Hyvac”’ rotary oil pump, the 
vacuum being checked by a tilting McLeod gauge. 

In the quantitative experiments the reaction tubes used were Pyrex cylinders, internal 
diameter 4-3 cm., with silica windows sealed to the flanged ends. One tube was 2-2 cm. long 
and the other 11-6 cm. long. The tubes were attached at a standard cone-socket joint as 
indicated in Fig. 1, the axis being vertical to reduce deposition of polymer on the front window. 
The thermostat surrounding the tubes was filled with distilled water to a level 1 cm. above the 
top window. After each experiment the top window was detached and polymer was removed 
by wiping with a soft cloth. For the preparation of polymer in greater quantity a 560-ml. bulb 
made in two parts was used. The upper part was a large Pyrex bulb with a tap attached. The 
lower part, a silica tube 2-5 cm. in diameter, 15 cm. long, was joined to the upper at a cone-and- 
socket joint sealed with picein. 

A 150-watt low-pressure mercury lamp with its tube bent to an upturned U was used 
throughout. The arrangement for the group of experiments F 2—11 is shown in Fig. 1. An 
aluminium shield D was placed round the tubes of the lamp, and a 2-5-cm. diameter brass tube 
fitted into a hole in the shield. At 7-5 cm. from the lamp the brass tube held a 7-5-cm. focal- 
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length lens. The lower end of the tube dipped just below the surface of the water of the 
thermostat. In the group of experiments K 1—9 the lamp was fixed with the U tubes vertical 
and the base of the U tubes just above the surface of the water. The water served as a filter 
to absorb the mercury 1849-A line. The lamp was always switched on at least 30 minutes 
before the light shutter was removed. 

Low-temperature measurements were by a copper—constantan thermocouple calibrated by 
making measurements of the vapour pressure of pure ethylene. Manometer levels were 
measured to -+-0-005 cm. by cathetometer. 

For light-intensity measurements a Kipp surface thermopile calibrated by the National 
Physical Laboratory was used. The e.m.f. of the thermopile was measured by potentiometer. 

Determination of Unsaturated Gases.—A bubble of gas was brought to atmospheric pressure 
over mercury and pushed into a capillary tube containing concentrated sodium sulphate 
solution. The length of the bubble under atmospheric pressure was measured. It was then 
transferred to a 1-c.c. bulb containing a 25% solution of bromine in 23% aqueous potassium 
bromide. When the reaction was complete, the bubble was passed back to the standard section 
of capillary tube or to a second, narrower standard section and measured. A correction for the 
vapour pressure of the bromine derivative was applied. 
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Weighing of Gases.—A 10-ml. bulb fitted with a vacuum tap and a standard joint was 
evacuated and weighed to 0-1 mg. against a counterpoise. The gas was condensed into the bulb 
and the bulb was weighed again. If the gas was to be returned to the reaction tube, the bulb 
was attached at position B (Fig. 1), and the gas was condensed into tube C. For both reaction 
tubes the volume of tube plus gauge was measured by filling with tetrafluoroethylene to a 
measured pressure and weighing the gas. These volumes were then used as standard volumes 
for vapour-density determinations. 

Tetrafluoroethylene.—A small cylinder of the gas was kindly provided by the Ministry of 
Supply. After a simple fractionation, the gas still contained 2% of saturated impurity. It 
was therefore purified by an adaptation of the bromination method used by Ruff and 
Bretschneider for separating tetrafluoroethylene from hexafluoroethane (Z. anorg. Chem., 
1933, 210, 173). The gas was bubbled into bromine water in contact with excess of bromine, 
the unchanged bromine was destroyed by potassium hydroxide, and the dibromotetrafluoro- 
ethylene was separated and distilled. The product was dropped into a suspension of zinc dust 
in glacial acetic acid, 20 ml. of the halide being added during 44 hours. The gas evolved was 
collected in a trap cooled in liquid air. It was purified by distillation from a trap at —135° 
to one at —196° with rejection of head and tail portions, the process being repeated until the 
gas was at least 99-75% unsaturated gas. The vapour pressure of the product was within 
experimental error in agreement with the figures given by Ruff and Bretschneider (/oc. cit.) and 
the b. p. (by extrapolation) was —76-4° (Ruff, —76-3°). 
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Ethylene.—Anesthetic grade ethylene was purified by a vacuum-distillation procedure 
similar to that described above for tetrafluoroethylene. The product was 100% unsaturated 
gas. 

Reaction Products.—A series of experiments were performed in which the 560-c.c. bulb 
described above was filled with tetrafluoroethylene and a small amount of mercury was 
condensed in it by cooling the silica tube in liquid nitrogen. The tetrafluoroethylene was 
allowed to vaporise and the lamp was placed at the side of the tube and left on for 24 hours. 
The pressure decreased at a rate that increased with time during the first few hours and a white 
powder was deposited. A saturated gas was formed and this was isolated by fractionation, 
traps at —100°, —135°, and —196° being used. The third fraction was pure tetrafluoro- 
ethylene. The portion retained at — 100° was a mixture and will be referred to below as higher 
fluorocarbons. Only small amounts of this mixture were obtained and attempts to separate 
it into pure substances were unsuccessful. Table 1 summarises the results of an attempted 
separation of one sample. A larger quantity of gas was retained at —135°. This fraction had 
the following properties: M (from vapour density) 150-5 + 1, b. p. —33° + 1°, vapour pressure 
logi9 Pmm. = 7°746 — 1168/T above —80°; a point of inflexion in the vapour pressure curve 
at —80° corresponded to the observed m. p. The gas did not react with bromine solution. 


TABLE 1. Altempted separation of mixture of higher fluorocarbons. 


Probable Probable 
carbon carbon 
Fraction Wt., ; J number Fraction Wt., mg. M number 


C,, or higher ll §6=6 816+ 88 C—-C, 


5 
About C,, 6 1-21 301 + 50 C.-C, 
Co—Lis 7 
+ 60 Cyo—C yy 


* This does not include the major portion of C,F,, weight 22 mg. 


: <0-6 = Ce~Le 


From its molecular weight this substance can only be hexafluoropropene or hexafluorocyclo- 
propane (both M, 150). Hexafluoropropene reacts readily with bromine solution of the 
concentration used here and its m. p. is —156-5° (Young and Murray, J. Amer. Chem. Soc., 
1948, 70, 2814). Therefore the compound described above is hexafluorocyclopropane. 

The above conclusions concerning the gaseous products are illustrated by the following 
analysis of gas remaining at the end of experiment K 5, in which the pressure decreased from 
35-035 to 30-46 cm.: collected at —196°, M, 100-4 (C,F,, M, 100), amount equivalent to 
27-345 cm. in reaction tube; collected at — 135°, M, 151-3 +. 1, equivalent to 3-09cm.; collected 
at —110°, equivalent to 0-025 cm. in the reaction tube. 

The white solid deposited in the 560-c.c. bulb in good quantity both as dust and as a film on 
the silica was insoluble in all reagents tested. It was completely attacked by fusion with sodium 
peroxide and glucose in a Parr bomb but was inert to less vigorous reagents. On heating, it 
became glassy at 320—340° and decomposed at about 500°. The products of decomposition 
were tetrafluoroethylene and in much smaller amount a substance of molecular weight 154 + 10 
(Calc. for C,F,: M, 150). In accord with the material balance for the photochemical reaction, 
and the nature of the products of decomposition, micro-analysis of the polymer gave figures 
for carbon content in the range 24-8 + 1% (Calc. for CF,: C, 24%). The X-ray diffraction 
pattern of the powder showed a main ring at 4-9 A. 

The above details may be compared with a description of polytetrafluoroethylene (Teflon) 
given by Hanford and Joyce (J. Amer. Chem. Soc., 1946, 68, 2082) and Renfrew and Lewis 
(Ind. Eng. Chem., 1946, 38, 870). This product of the catalysed polymerisation of tetrafluoro- 
ethylene undergoes a phase transition at 327° and decomposes to tetrafluoroethylene and 
hexafluoropropene at temperatures above 450°. Its X-ray diffraction photograph has a main 
ring corresponding to a spacing of 4-86 A. Molten alkali metals attack the polymer but it is 
otherwise unreactive. The material from the photochemical reaction is obviously very similar 
to this. Hanford and Joyce designate their product as a linear polymer. A polymer of chain 
length of the order of 26 monomer units melts at 220° (Raal and Danby, J., 1950, 1596). The 
polymers described above must have a distinctly higher chain length. 

Relative Quantity of Products.—Data in Table 2 show that under a wide variety of conditions 
the yield of higher fluorocarbons is small. The first few figures refer to conditions and time 
intervals in which only a comparatively small amount of polymer accumulates in the reaction 
zone. At low pressures there was a marked predominance of polymer. On using long reaction 
times and the large reaction bulb, which favoured accumulation of polymer in the reaction zone, 
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there was a very marked predominance of polymer formation. In the fifth and the sixth 
experiment in Table 2 the rate of pressure decrease was found to increase with time, this increase 
being actually an increase in the rate of polymer formation. The abnormal rate of polymer 
formation, which led to a preponderance of polymer in the products, was associated with the 
presence of polymer in the reaction zone. 


TABLE 2. Relative amounts of products, 


(a, 11-6-cm. tube; 6b, 560-c.c. bulb.) 
Initial Pressure C.F, C,F, (%) consumed to form : 
pressure, decrease, consumed, higher 
cm. ‘ polymer fluorocarbons 


Measurement of Light Intensity by Thermopile.—An arrangement of light source and reaction 
tube similar to that shown in Fig. 1 was used. The thermostat was removed and a short 
Pyrex cylinder was sealed to the top of the reaction tube and filled with water to a depth of 
lcm. The thermopile was placed immediately below the lower window of the reaction tube. 
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To obtain a figure for the intensity of ultra-violet light and to eliminate the effect of variable 
dark e.m.f., readings were taken alternately with and without a sheet of glass in the beam 
and at intervals of 3 minutes. Successive readings of the same type were averaged and subtracted 
from the intervening reading. The intensity of ultra-violet light was measured with the tube 
empty and with the tube containing mercury vapour and mercury vapour plus gas. 

With mercury vapour present, the measured intensity included fluorescence radiation as 
well as unabsorbed light. The reduction caused by the addition of gas was due to quenching 
and reached a maximum on the addition of sufficient gas to give complete quenching. When 
the tube contained tetrafluoroethylene the time of exposure to ultra-violet light was sufficient 


TABLE 3. Quenching of fluorescence by tetrafluoroethylene. 


Tube length, 2-2 cm. Tube length, 11-6 cm. 
Pressure of Fraction of fluor- Pressure of Fraction of fluor- 
C,F,, cm. escence quenched C,F,, cm. escence quenched 
2-5 0-67 1: 0-5 
9-2 1-0 ; 0-82 
28-2 1-0 7, 0-89 
12- 1-0 


to cause noticeable deposition of polymer on the lower window. In a series of measurements 
with increasing pressures of gas it was necessary to correct the later readings for loss in trans- 
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mission due to the deposition of polymer. Figures for the fraction of fluorescence radiation 
quenched are given in Table 3 and show that at 10 cm. pressure of tetrafluoroethylene quenching 
was virtually complete. 

The total amount of light absorbed when quenching was complete was estimated from the 
intensity measurements and the area of the light beam. The value obtained was for the 
equilibrium vapour pressure of mercury at 20°. Ina separate experiment in which a photocell 
was used for intensity measurements the variation of light absorption with mercury vapour 
pressure was measured. The light absorbed in the reaction tube at 29-7° was then calculated. 
Results for experiments F 8 and 11 given in an earlier note (loc. cit.) were calculated before the 
photo-cell measurements were made and revised figures are now given. 

Quenching by hexafluorocyclopropane was found to be slightly more efficient than by tetra- 
fluoroethylene. Hexafluorocyclopropane does not absorb the 2537-A line. 

The absorption spectrum of tetrafluoroethylene in the range 2100—4000 A was photographed, 
7 cm. pressure of gas being used in a 30-cm. tube. No evidence of absorption was obtained. 
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Ethylene Actinometer.—According to Le Roy and Steacie (loc. cit.), at an ethylene pressure 
of 1-3 cm. and a temperature of 25°, the mercury-photosensitised reaction of ethylene is, in the 
initial stages, almost exclusively 


C,H, + Hg*P, = C,H,* + Hg'S, 
C,H,* = H, + C,H, 


Quenching is complete and the quantum efficiency of acetylene formation is 0-37. 

The following method was used for measuring the absorbed intensity in the circumstances 
of experiments K 1—9. The mercury-photosensitised reaction of ethylene was followed until 
sufficient points had been obtained for the initial rate of pressure increased to be measured. 
This was assumed to be equal to the rate of acetylene formation and the intensity was calculated 
by using the value of 0-37 for the quantum efficiency. 

This method is not highly accurate. Allen and Gunning (J. Chem. Phys., 1948, 16, 634) 
have reported that some polymerisation takes piace even in the early stages of the reaction, 
and more recently Darwent (ibid., 1951, 19, 258) has given evidence that the reaction is partly 
heterogeneous. 

Rate Measurements.—All measurements were made at 29-8° with a drop of mercury in the 
tube. Curves showing the change of pressure with time in several experiments are given in 
Figs. 2 and 3. In the absence of mercury there was no pressure change. With a low light 
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intensity constant rates were obtained but several curves at the higher intensity show some 
increase of rate with time, this effect being observed at intial pressures of 35 and 8 but not 
at 18cm. The initial rates increase with increasing pressure. 

When the rate of reaction increased with time the initial rate of formation of the two main 
products could not be calculated from an analysis made during the run without making some 
assumption about the cause of the increase in rate. To discover the cause, experiments were 
performed in which analyses were made at intervals. As shown in Fig. 4 it was found that the 
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effect of interrupting the reaction when the rate was increasing was to restore the rate to its 
initial value. In Fig. 5 a run frequently interrupted is compared with one infrequently 
interrupted. The values for C,F, are in the normal relationship, being higher for the experiment 
at the higher initial pressure, and decreasing as the window becomes cloudy and the pressure 
decreases. The polymer figures are close at first but subsequently higher in the experiment with 
few interruptions. The observed increase in rate is therefore an increase in the rate of polymer 
formation. Initial rates of formation of C,F, were assumed to be steady at least for the first 
few hours of any run and the initial rates of polymer formation were calculated from the overall 
initial rate and the rate of C,F, formation. If no measurable quantity of higher fluorocarbons 
was separated at the first interruption the formation of these products was neglected. Figures 
for the initial rates are given in Table 4. 
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TABLE 4. Initial rates of reaction. 


F, short reaction tube, 53-04 c.c.; Gand K, long tube, 180-4c.c. Light absorbed for complete quench- 
ing: F, 2-02 x 10'8; G, 2:8 x 10'8; K, 1-04 x 10° quanta per hour. 
Rate of consumption Rate of consumption 
Initial Pressure of C,F,, cm./h.: Initial Pressure of C,F,, cm./h. : 
pressure, decrease, forming forming pressure, decrease, forming forming 
cm. cem./h. C3F polymer Expt. . cm./h. CF, polymer 
1-325 0-0012 — — G.3 925 0-011 — 
0-395 “ _ 0-023 0-007 0-021 
1-075 —_— 0-034 0-008 0-032 
5-050 . 00: 0-003 0-040 0-021 0-033 
10-435 , : 0-014 0-056 0-065 0-034 
14-430 0: : 0-015 0-062 0-082 0-035 
18-195 02 “0: 0-019 0-165 0-205 0-093 
33-610 05 . 0-024 A 0-33 0-367 0-208 
* Not measurable. 


ratalatatalats 
acmer-1h 


Quantum Efficiencies.—The reaction forming hexafluorocyclopropane must be of the type 
Hg* + C,F, = Hg + C,F,* ea ee a a 
C,F,* + 2C,F, = 2C,F, ete ae ye ee ee 


one excited atom causing at maximum efficiency the formation of two molecules of hexafluoro- 
cyclopropane. To make the expressed quantum efficiency 7¢,,, a true measure of the efficiency 
it has been calculated as the number of molecules consumed to form C,F, divided by three times 
the number of quanta absorbed. 

The efficiency of initiation of polymer chains cannot be calculated; ¢ is the number of 
molecules of C,F, polymerised divided by the number of quanta absorbed. 

The results for the F and K groups of experiments are plotted in Fig. 6. In the region of 
incomplete quenching the light absorbed has been estimated from the results of the thermopile 
measurements described above. 

Effect of Hexafluorocyclopropane.—The following figures show that under the conditions of 
the K group of experiments decomposition of pure hexafluorocyclopropane is slight: initial 
pressure, 1-54 cm.; time of irradiation, 17 hours 40 minutes; final pressure, 1-52 cm.; C,F, 
formed, 0-03 cm.; C,F, consumed, 0-05 cm.; C,F, polymerised, 0-03 cm. Figures given in 
Table 5 show that hexafluorocyclopropane has a noticeable effect on the reaction of tetrafluoro- 
ethylene when present in quantity. Pressure-time curves are straighter in the presence of 
hexafluorocyclopropane (see Fig. 4). 


TABLE 5. Rates of reaction in the presence of hexafluorocyclopropane. 


Rates of consumption Rates for C,F, 
of C,F,, cm./h. : alone, cm./h. : 
Initial pressures, cm. : to give to give to give to give 
C,F, C.F, C;F, polymer C;F, polymer 
13-950 2-275 0-14 0-041 0-152 0-062 
6-725 0-535 0-082 0-038 0-058 0-033 
6-050 0-840 0-073 0-043 0-050 0-032 
3-820 1-975 0-021 0-053 0-025 0-027 
3-465 2-040 0-016 0-048 0-020 0-027 
Mechanism of the Reaction—The products of the reaction are compounds built from 
CF, groups, as is the reactant. Rupture of carbon-fluorine bonds would lead to products 
containing CF; groups and to consumption of mercury and may be ruled out, for the reaction 


has in some experiments been maintained by mercury vapour alone. The two possible primary 
reactions are 


C.F, + Hg*P, = C,F,* + Hg'S, lle: er 

C.F, + Hg*P, = 2CF, + Hgts, . ... .-. «- (6) 
This assumes, as is usually assumed for the ethylene reaction, that the mercury atoms are 
quenched directly to the ground state. Reaction (5) could be followed by 

C,F,* = 2CF, 

C,F,* + C,F, = 2C,F, 

C,F,* + C,F, = CF, + CF, 

C,F,* + C,F, = C,F, 
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The last of these reactions could yield C;F, only by a reaction of the type 
ie Age @ are es ee we tle Uhl 6 


As C,F, is not in evidence in the products, it is doubtful whether (10) occurs at all. Even if it 
did, the competing deactivation reactions would only permit a low yield of C,F, by (11). 
Reactions (8) and (9) occurring alone would give quantum yields lying between two limits, one 
twice the other. No such restriction has been found. 

Fairly good representation of the experimental results is given by mechanisms involving a 
scission of tetrafluoroethylene into difluoromethylene. In connection with these mechanisms, 
the possibility that excited tetrafluoroethylene molecules are deactivated by reaction (8) must 
be considered. This reaction cannot be of over-riding importance in the pressure range studied, 
for although quantum yields up to 0-2 have been found the efficiency is not decreasing with 
increasing pressure. The major variations of yc, are obviously determined by reactions 
other than (8) and it will be disregarded in the treatment below. This, of necessity, leaves 
completely unresolved whether the primary reaction is (5) or (6). 

The reaction scheme that follows from the scission of tetrafluoroethylene into difluoro- 
methylene is as follows. By (5) and (7) or (6) 


C,F, = 2CF, is lcci al e 

CF, + C,F, = C;F,* or -C,F,-; rate = &,/CF,)[C,F,) (13) 

CPA ae CF- +0 Re Cee 6 ks st 

oe a ee Sa 
—C,Fi- + CF, = -C2F io, ete. ae 

CF, + CF, +C,F,=2C,F, —d{CF,]/d¢ = 2k,{(CF,J%C.F,)  . . (17) 
CF, +CF,=C,F, —d[CF,]/dt =2h,(CF,J* . . . . (18) 

CF, + CF, =C,F, (at the walls) —d[CF,)/d¢ =4,(CF,J//[(C,FJ . . . (19) 


As the weight yield of polymer is of the same order as the weight yield of hexafluorocyclopropane, 
(15) must be slow compared with (14). Application of the usual stationary state method gives 
the following alternative expressions for the quantum yield, three-body recombination of 
radicals being assumed : 


a. ‘ pe ks \* . 16Qk,(C,F,) 
eS iL ( Fa) + seri) Cie: oi 


and, second-order recombination being assumed : 


_ RCAF ay ih wwe Tene? ks ‘ 
este = — BRO C,F,) + kiG.Fi) +: ~ CAF y) (21) 


Q is the rate of reaction (12), here assumed equal to the rate of quenching excited mercury 
atoms by tetrafluoroethylene when the latter is expressed in quanta per second per c.c. of the 
reaction zone. Concentrations are in molecules per c.c., and reaction rates in molecules per c.c. 
per second. 

At low intensities and pressures wall reactions predominate and both expressions reduce to 








tor, = a Fo (22) 
.~3* 4 ai" 1.~2* 6 

giving a curve similar in shape to the graph of 7 ,, for experiments in the F group. The 
values of %,», for experiments in this group give an average value of 0-47 x 10% for k;/k, in 
the small reaction tube. On the assumption that k,/k, = 0-3 x 10° for the larger reaction 
tube and that the reaction takes place in the first 3 cm. of the tube, the more general equations 
can be fitted to the results of the K group of experiments by taking k,?/k, = 1-14 « 10-6 or 
k,*/k,’ = 2 x 10°*5, Plots of the two general expressions for y,», with the constants as given 
above and the intensities as in the K groups of experiments and of (21) with intensities as in 
the F group are given in Fig. 6. The experimental results above 3-cm. pressure are moderately 
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well represented by either (20) or (21). At l-cm. pressure the experimental value of 7 ¢,p, 
is several times higher than the values obtained from the above functions. This point will be 
discussed below. 

According to the above values for the ratios of rate constants, at 13-cm. pressure under the 
conditions of the K group of experiments over half the recombination of radicals takes place in 
the gas phase compared with one-fifth at 5-cm. pressure. Added hexafluorocyclopropane will 
cause some reduction in the rate of excitation of tetrafluoroethylene. When wall reactions are 
important it should function also as an inert gas reducing the rate of diffusion of radicals to the 
walls and increasing the yield of hexafluorocyclopropane. This should partly or completely 
counteract the reduction in the rate of excitation. This effect is observed at 3 and at 6 but not 
at 13-cm. pressure (see Table 5). 

Variations in the size of the reaction tube should affect the efficiency when wall reactions 
are important. In accordance with this it was found that at 14-cm. pressure with the low- 
intensity beam the ratio, pressure decrease x volume/quanta absorbed, was increased by a 
factor of 1-4 when the long reaction tube was substituted for the short one. However, it must 
be remembered that the rate of wall reactions depends partly on the distribution of the light 
beam relatively to the tube walls. 

The rate of formation of solid polymer varies with intensity and pressure in a complex 
manner. The general form of this variation is sufficiently similar to the variation in the rate of 
formation of hexafluorocyclopropane to indicate a connection between the two parts of the 
reaction. This is in accord with the above mechanism, which provides a satisfactory explanation 
for the initiation of polymerisation in the system. The present results do not show whether or 
not this is the only mechanism by which polymerisation is initiated. 

As it stands, the above mechanism does not explain the increase in the rate of polymerisation 
when polymer is allowed to accumulate in the reaction zone. Also it indicates a lower rate of 
polymerisation at low pressures than that observed. It appears that when the rate of diffusion 
of free radicals to surfaces is high, the polymerisation rate is abnormal. This is probably due 
to a reaction involving an adsorbed layer 


CF, + adsorbed layer = polymer ee oe eee 


The yield of hexafluorocyclopropane at l-cm. pressure, although low, is about 10 times that 
predicted by the equations given above. This introduces the possibility that 


CF, + adsorbed layer =C,F, . . ... =. . (24) 


should be added to the reaction scheme. 
There is no obvious method of chain termination in the reaction system. The evidence 
obtained at present does not justify discussion of this problem here. 


DISCUSSION 


There is a very marked difference between the mechanism proposed above and that of 
the mercury-photosensitised reactions of ethylene. With ethylene, there is no dissociation 
of the carbon-carbon bond although the excited molecules have a sufficiently long average 
life for many to lose their energy by collision. Unless deactivated, the excited molecules 
dissociate into acetylene and hydrogen. Although the heat of reaction for 


C.F, = CF, + F, 


is not known it is clear that, owing to the high energy of the carbon—fluorine bonds and the 
low energy of the fluorine—fluorine bond, the value will exceed the 112 kcal. per g.-mol. 
available in the mercury-photosensitised reaction. However, it follows from the results 
given above and the work of LeRoy and Steacie with ethylene (Joc. cit.) that this amount of 
energy is sufficient to cause the dissociation of the carbon-carbon bond in tetrafluoro- 
ethylene but not in ethylene. 

It is uncertain which of two reasons accounts for the failure of ethylene to dissociate 
into methylene in the mercury-photosensitised reaction. The heat of reaction for 


C,H, = 2CH, (singlet) a) ea 6 ae 
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may be as low as 77 kcal. (Steacie, “‘ Atomic and Free Radical Reactions,” p. 149). From 
values for the energy of removal of hydrogen from methane given by Laidler and Casey in a 
theoretical discussion (J. Chem. Phys., 1949, 17, 1087), it may be deduced that the heat of 
reaction for (26) is less than 119 kcal., but may be greater than 112 kcal. According to 
the principle of conservation of spin angular momentum enunciated by Laidler (J. Chem. 
Phys., 1942, 10, 43), a reaction of the type 


Hg*P, + C,H, = 2CH, (singlet) + Hg!S, 


is one of low probability in the quenching of triplet mercury to a singlet state. A sequence 
of high probability would be of the type 


Hg?P, + C,H, = Hg'S, + C,H, (triplet) a, Pitt Siu 
C,H, (triplet) = 2CH, (triplet) . . . . . . . (29) 


and this cannot occur because the energy acquired in the first step is about 40 kcal. less 
than the energy needed for the second. Because of the uncertainty about the heat of 
reaction for (26) there is no proof of the validity of the spin theory as applied to this case. 
It is therefore necessary to be very cautious in discussing the reaction of tetrafluoroethylene. 

Difluoromethylene radicals in both the singlet and the triplet state are stabilised by 
delocalisation of electrons in x orbitals. This effect in the singlet state has been discussed 
by Mulliken (Venkateswarlu, Phys. Review, 1950, 77, 676). In the triplet state, if the free 
radical is linear, there will be two sets of three overlapping = orbitals with five electrons 
in each set. Thus the heat of reaction for both 


C.F, = 2CF, (singlet) . . - . «© « « (30) 
and C,F, = 2CF, (triplet) ie oe ee ee ee 


will include a resonance contribution. This makes it practically certain that the heat of 
reaction for (30) will be below 112 kcal., and possible that the heat of reaction for (31) will 
also be below this figure. 

The experimental results given in this paper show that one of the following reactions 
occurs : 


Hg’ P, + C.F, = Hg'!S, + 2CF, (singlet) ——25e 
or Hg*P, + C,F, = Hg!Sy + 2CF, (triplet) eos ae 
or Hg®P, + C,F, = Hg'S, + C,F, (triplet) Fig i + Sl 
followed by C.F, (triplet) = 2CF, (singlet) . . . . . . . (35) 
or 2CF, (triplet) Wei i. ae 
If the rules of conservation of spin angular momentum applicable to atoms and very simple 
molecules can be applied to tetrafluoroethylene, (32) and (35) can be ruled out and the heat 
of reaction for (31) must be below 112 kcal. As stated above, it has not been proved that 


these rules apply to ethylene, and therefore further evidence must be obtained before a 
definite conclusion can be reached. 
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509. The Action of Benzoyl Peroxide on Polycyclic Aromatic 
Hydrocarbons. 


By Ivan M. Rott and WILLIAM A. WATERS 


When acted upon by benzoyl peroxide at 80° in chlorobenzene, under 
nitrogen, anthracene, 1 : 2-benzanthracene, and 3 : 4-benzopyrene are attacked 
in their exposed meso-positions and benzoate groups (Ph*CO*O) are sub- 
stituted for hydrogen. Phenanthrene and chrysene are inert undér these 
conditions, whilst 1 : 2-5 : 6-dibenzanthracene reacts only if there is access 
of air, dibenzanthraquinones then being formed in low yield. 

The relative order of reactivities, i.e., 3: 4-benzopyrene > anthracene, 
1 : 2-benzanthracene > | : 2-5: 6-dibenzanthracene > phenanthrene, chrysene, 
follows the order of the ‘‘ free valence numbers ’”’ of the reacting positions, 
though it is also possible that steric hindrance may be responsible for dis- 
crimination in the point of attack on 1 : 2-benzanthracene and for the lack 
of reactivity of 1 : 2-5 : 6-dibenzanthracene under an inert atmosphere. 

Under similar conditions 9-methylanthracene is very reactive. It yields 
] : 2-di-9’-anthranylethane, two dimers of this substance which are thought 
to be related structurally to dianthracene, 9-benzoyloxy-10-methylanthracene, 
and the 10’-benzoyloxy-derivative of 1 : 2-di-9’-anthranylethane. 

The experimental results are discussed in relation both to concepts of 
homolytic reactivity and to previously known chemical and biochemical 
oxidations of these hydrocarbons. 


OnE of the most intriguing features of the biological oxidation of aromatic hydrocarbons 
is the observation that they can be attacked in positions which are different from those 
affected by the majority of the oxidising or substituting agents in regular laboratory use, 
and it has been suggested, tentatively, that this biochemical oxidation, which is essentially 
a hydroxylation, might perhaps be due to hydroxyl, or similar, free radicals (see Biochem. 
Soc. Symposia, 1950, No. 5). We have therefore attempted to discover whether the free- 
radical reactions of polycyclic aromatic hydrocarbons resemble at all the distinctive 
biochemical reactions. 

Our earlier attempt in this connection—to affect oxidations of biological type by the use 
of perbenzoic acid—failed (J., 1949, 3060) and at about that time it was realised (Derby- 
shire and Waters, Nature, 1950, 165, 401; Swern, J. Amer. Chem. Soc., 1947, 69, 1692) 
that the per-acids were reagents of heterolytic type which oxidised by release of cationoid 
hydroxyl groups : 


Ac—6-OH + nO —> Ac—O—-H + HO—Ar 


Recent conceptions (Criegee, Annalen, 1948, 560, 133; Rigby, J., 1950, 1907) of the 
mechanism of glycol fission throw doubt on the homolytic character of the oxidising action 
of lead tetra-acetate, especially in ionising solvents such as acetic acid, and consequently the 
studies by Fieser and Hershberg (J. Amer. Chem. Soc., 1938, 60, 1893, 2542) and Fieser and 
Putnam (tbid., 1947, 69, 1036, 1041) of the oxidation of polycyclic aromatic hydrocarbons 
may not be truly representative of their modes of attack by free radicals. These workers 
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found that at 35—55° lead tetra-acetate effected addition of two acetate radicals to the 
meso-positions of anthracene. At higher temperatures subsequent elimination of acetic 
acid yielded 9-acetoxyanthracene (1; R= Me). 1: 2-Benzanthracene and 3: 4-benzo- 
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pyrene similarly yielded (II and IIl; R= Me), whereas 10-methyl-1 : 2-benzanthracene 
and 20-methylcholanthrene yielded products analogous to (IV) by attack on the reactive 
methyl, or methylene, groups. The latter products are strongly indicative of homolytic 
action. 

O-CO-R 


G “Wy S 
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In order to study a reaction which would more certainly be of the free-radical type we 
have investigated the reactions between a number of polycyclic aromatic hydrocarbons and 
benzoyl peroxide in chlorobenzene solution at 80°. At this temperature benzoyl peroxide 
first dissociates into benzoate radicals (Ph°CO,°) which then either dehydrogenate other 
molecules directly or attack them with (or after) loss of carbon dioxide so as to form 
phenyl derivatives. When solutions contain much more reactive substrates than chloro- 
benzene, then the benzoate radicals can be made to react exclusively as such, without loss 
of carbon dioxide. This is true for instance of solutions containing polymerizable olefins 
(Swain, Stockmayer, and Clarke, ibid., 1950, 72, 5426) or readily substituted aromatic 
compounds such as phenols (Cosgrove and Waters, J., 1949, 3189; 1951, 388). Liberation 
of carbon dioxide therefore indicates degradation of benzoate radicals to phenyl radicals 
in the course of their reactions, whilst the production of benzoic acid indicates hydrogen 
abstraction by free benzoate radicals. Consequently the more reactions of free benzoate 
radicals as such are involved the less will be the evolution of carbon dioxide and to some 
degree the more the production of free benzoic acid. From the Table below it can be seen 
clearly that this trend follows the order of increasing reactivity in the hydrocarbons which 
have been examined. 


Reaction of benzoyl peroxide with aromatic hydrocarbons in chlorobenzene solution at 80° 


Hydrocarbon 
Ph-CO,H, recovered, 
Substance * oT % Other products 
Chlorobenzene alone 36-2 Chlorodiphenyls and phenyl 
benzoate 
Anthracene “{ 6 3 9-Benzoyloxyanthracene 
Anthraquinone 
1 : 2-Benzanthracene ‘7 3-6 2 10-Benzoyloxy-1 : 2-benzanthracene 
1 ; 2-5 : 6-Dibenzanthracene 38-f ; ‘ As for control 
Dibenzanthraquinones) 


—) 


5-Benzoyloxy-3 : 4-benzopyrene 


3 : 4-Benzopyrene 
As for control 


Phenanthrene 
Chrysene 


oo 
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Re 2-Dianthranylethane, its dimers, 
9-benzoyloxy-10-methylanthr- 
acene, etc. 

* Calc. for Ph-CO-O—O-CO-Ph —> 2Ph:CO,*; Ph-CO,- —> Ph: + CO,,. 

+ Calc. for Ph-CO-O—O-CO-Ph — >» 2Ph:CO,°; Ph-CO,* + H—X —-> Ph’CO,—H. 

Equimolar solutions of hydrocarbon and benzoyl peroxide were used; the concentrations of the 
hydrocarbons differed according to their solubilities. 


mown 


Benzoate radicals which are resonance-stabilised would be expected to be selective in 
their action and to react mainly with solute molecules at their most reactive positions, 
whilst the much more reactive phenyl radicals would be expected to attack all vicinal 
molecules, and in our dilute solutions of the sparingly soluble hydrocarbons this should 
lead almost exclusively to reaction with the solvent, though recent work indicates that even 
phenyl radicals react at decidedly different rates with different aromatic compounds 
(Augood, Hey, Nechvatal, Robinson, and Williams, Research, 1951, 4, 386; Augood, 
Hey, and Williams, J., 1952, in the press; Huisgen and Sorge, Annalen, 1950, 566, 172). 
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We have in fact isolated benzoates from a number of the polycyclic hydrocarbons, but have 
not been able to isolate any phenyl derivatives : the presence of chlorodiphenyls has often 
been suspected though their isolation has not been undertaken. Actual isolation of pro- 
ducts was difficult, so though pure compounds have been obtained by repeated chromato- 
graphic separation their yields cannot be taken as indicative of the relative reactivities 
of the hydrocarbons concerned. Nevertheless the natures of the products have been so 
clearly defined by comparative syntheses and by the use of both ultra-violet and infra-red 
spectra that it is now quite evident that attack on the higher polycyclic hydrocarbons by 
benzoate radicals does not resemble their biochemical hydroxylation but has much in 
common with lead tetra-acetate oxidation. For example, metabolic oxidation of 1 : 2- 
5 : 6-dibenzanthracene in rats and mice leads to the introduction of hydroxyl groups into 
the side rings in the 4’- and the 8’-position (Boyland, Levi, Mawson, and Roe, Biochem. J., 
1941, 35, 184; Dobriner, Rhoads, and Lavin, Proc. Soc. Exp. Biol. N.Y., 1939, 41, 67) ; 
1 : 2-benzanthracene is similarly attacked in the 4’-position (Berenblum and Schoental, 
Cancer Res., 1943, 3, 145, 686) and 3: 4-benzopyrene in the 8-position (Berenblum, Crowfoot, 
Holiday, and Schoental, ibid., p. 151); moreover, from the metabolic oxidation of anthra- 
cene it has been possible to isolate 1 : 2-dihydro-1 : 2-dihydroxyanthracene (Boyland and 
Levi, Biochem. J., 1936, 30, 728) and this has been ascribed to an initial process of free- 
radical addition. 

On account of the behaviour of 1 : 2-5 : 6-dibenzanthracene (see below) it was found 
necessary to carry out all reactions in a stream of dry nitrogen, by means of which the carbon 
dioxide was removed as it was formed and could easily be collected and weighed. If air 
was allowed access then several of the reaction mixtures gave more complex products than 
those described below, and it may well be that the courses of the oxidation reactions of 
several of the polycyclic hydrocarbons can be influenced by the presence or absence of even 
small amounts of oxygen. 

From anthracene which reacted to the extent of 90°, with a molar proportion of benzoyl 
peroxide there was obtained a 15%, yield of 9-benzoyloxyanthracene (I; R = Ph) anda 
little anthraquinone. Since the gummy residues could also be oxidised to anthraquinone 
with chromic acid it appears that attack is confined to the meso-positions. 1: 2-Benzan- 
thracene was slightly less reactive and similarly yielded 10-benzoyloxy-1 : 2-benzanthracene 
(Il; R= Ph) but no trace of the 9-substituted isomer. 1 : 2-5 : 6-Dibenzanthracene 
scarcely reacted under nitrogen, but if air was present some oxidation to 9 : 10-dibenzan- 
thraquinone occurred. The resinous residue from this reaction, on dichromate oxidation 
in acetic acid, gave some benzoic acid and small amounts of both the 9 : 10(meso)- and the 
3: 4-(‘‘ K’’)-dibenzanthraquinones. Direct measurements showed that benzoyl peroxide 
catalysed slow oxygen uptake by solutions of 1: 2-5: 6-dibenzanthracene in chloro- 
benzene; consequently the quinones must result from a secondary autoxidation process 
which is being investigated further. 3: 4-Benzopyrene proved to be very reactive and 
gave a 33% yield of purified 5-benzoyloxy-3 : 4-benzopyrene (III; R = Ph), the identity 
of which was established by independent synthesis from 5-acetoxy-3 : 4-benzopyrene 
(Fieser and Hershberg, J. Amer. Chem. Soc., 1939, 61, 1565). In contrast, neither phen- 
anthrene nor chrysene was attacked at all. Evidently the exposed meso-positions of 
anthracene derivatives are much more reactive than the “‘ K’’ positions of phenanthrene 
derivatives towards free-radical attack, just as they are towards attack by polarised 
electrophilic reagents. The order of reactivity of these hydrocarbons, viz., 3: 4-benzo- 
pyrene > anthracene, 1: 2-benzanthracene > 1: 2-5: 6-dibenzanthracene > chrysene, 
phenanthrene, follows the order of the “‘ free valence numbers ’’ of their reacting positions 
(Burkitt, Coulson, and Longuet-Higgins, Trans. Faraday Soc., 1951, 47, 553; Kooyman 
and Farenhorst, Nature, 1952, 169, 153). 

Both the point of attack on 1 : 2-benzanthracene and the absence of attack on 1 : 2- 
5 : 6-dibenzanthracene in a nitrogen atmosphere deserve comment. Our results show 
replacement of hydrogen by a benzoate group. If a benzoate radical is to remove a hydro- 
gen atom directly from a meso-position it will presumably attack linearly in the plane of the 
aromatic system, for this configuration gives the transition state of lowest activation energy 
for homolytic hydrogen transfer. Fig. 1 however shows that, owing to the positions of the 
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angular benzenoid rings, the 10-position in 1 : 2-benzanthracene and both the 9- and the 
10-position in 1 : 2-5 : 6-dibenzanthracene are sterically protected from attack in this way, 
though, clearly, these meso-positions are open to lateral attack upon the carbon centres by 
large atoms. 

The favoured positions for attack on 1 : 2-5 : 6-dibenzanthracene may therefore depend 
not only upon relative ‘‘ free valence numbers,’’ or “‘ electron densities,’’ but also upon 
(i) the size of the attacking reagent and (ii) its direction of approach. Both the addition of 
free radicals to the meso-carbon atoms and the initial stage of any heterolytic substitution 
process follow the lateral route. Our results indicate either that steric hindrance is a cogent 
factor for our reaction or that the meso-positions of 1 : 2-5: 6-dibenzanthracene are un- 
expectedly resistant to angular attack by benzoate radicals. 

It may be noted that many free atoms and radicals, as for instance atomic chlorine, 
atomic bromine, and molecular oxygen, are known to be added to the carbon centres of 
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aromatic nuclei, especially of the anthracene type. The meso-substitution products 
which we have isolated from the reactions with anthracene and 1 : 2-benzanthracene could 
conceivably result from the additions of benzoate radicals followed by the elimination of a 
molecule of benzoic acid. 

The foregoing work has been extended by thestudy of the reaction between benzoy] peroxide 
and 9-methylanthracene, a subject of some interest in view of the high carcinogenic activity 
of 9: 10-dimethyl-1: 2-benzanthracene. As judged by the negligible production of carbon 
dioxide, $-methylanthracene reacts with all the free benzoate radicals as they are formed. 
It yields a number of reaction products; there was separated, first, a yellow fluorescent 
hydrocarbon, m. p. 310—315° (decomp.), identified as 1 : 2-di-9’-anthranylethane (VI; 
R = H) by its ultra-violet absorption spectrum (Fig. 2A) which showed the presence of a 
substituted anthracene ring system, and by its infra-red absorption spectrum (Fig. 3, C) 
which showed a distinctive maximum at 11-9 u corresponding to the presence of a “‘ lone ”’ 
aromatic C-H group indicative of a single unsubstituted meso-position in an anthracene 
ring. Again the spectrum, in «-bromonaphthalene paste showed no absorption band at 
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3:42 u such as would be expected for a methyl group. For confirmation the compound 
was synthesised from 10-methyleneanthrone by reduction with zinc dust in acetic—hydro- 
chloric acid. Barnett and Matthews (Ber., 1926, 59, 768) who evidently obtained the 
same compound by following this route considered from their ultimate analyses that they 
had obtained the dihydro-derivative (VII). Our analyses of products from both pre- 
parative procedures give no support to this view, and the infra-red spectrum shows no 
similarity to that of 9: 10-dihydro-9-methylanthracene (VIII) particularly in the region 


Fic. 3. Infra-red absorption spectra. 


Wave-numbers (cm"") 
2500 2000 1700 500 1300 1200 1100 1000 900 





T 


}\/“e- Bromonaphthatene 


Vt [P] 














8 





a 
S 


as 
Be 
~ 
c 
‘$ 
340 
~ 
§ 
5 
S 


a] 
S 


BS 
-sS 

















8 9 0 

‘ Wave-length (2) 
L ii 

a da 
[B}, Spectrum in a-bromonaphthalene paste. 
a, C—H stretching frequency in CH3. 
c, C=C stretching frequencies. 
e, ‘‘ Out-of-plane ’’ bending frequency of a “ lone ”’ 
f, Bending frequencies of 





[P), Spectrum in paraffin paste. 

b, C=O stretching frequency. 

d, —O—CO— bending frequencies. 
aromatic C—H bond. 

—H bonds in an unsubstituted C,H, group. 

A, 9-Methylanthracene. 

B, 10: 10’-Dimethyl-9 : 9’-dianthranyl. 
C, 1: 2-Di-9’-anthranylethane. 
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F, The 10-benzoyloxy-derivative of substance C 





2700 Roitt and Waters: The Action of Benzoyl Peroxide on 


of 6-0O—6-75 » (indicative of stretching vibrations of C=C) in which there is close similarity 
between the spectra of (VI; R =H) and of 9-methylanthracene (see Fig. 3, A and D). 
For further structural verification we also prepared 10: 10’-dimethyl-9 : 9’-dianthrany]l 
(IX) by reducing 10-methylanthrone with zinc dust and ammonia (Barnett and Matthews, 
loc. cit.). It had a different melting point and its infra-red spectrum in «-bromonaphthalene 
paste showed the characteristic methyl group absorption maximum at 3-42 » and the 
absence of the aromatic C—H absorption maximum at 11-9 u. 

Together with (VI; R = H) were two colourless, non-fluorescent compounds of the 
same empirical formula as (VI; R = H); both had ultra-violet absorption spectra charac- 
teristic of benzenoid rings only. One of these (D1) separated slowly from toluene, giving 
crystals of two different forms, both of which softened at 270—280° and then became yellow 
though they did not melt until the decomposition temperature of (VI; R = H) was reached. 
The second substance (D2) gave crystals which melted almost completely at 230—236°, 
then resolidified, and finally decomposed at 278—284°. D1 and D2 had identical ultra- 
violet and almost identical infra-red spectra. When kept at 180° for 30 minutes in the 
polar solvent ethyl benzoate, D2 gave a yellow fluorescent solution having an ultra-violet 
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absorption spectrum indicative of the presence of (VI; R = H), and, on irradiation of 
a solution of (VI; R = H) in benzene by ultra-violet light, some D1 was formed. Since 
D1 and D2 do not appear to possess the anthracene ring system we conclude that they are 
structurally related to dianthracene, the colourless photo-dimer of anthracene, though this 
substance itself possesses a much simpler infra-red spectrum than either D1 or D2. D1 and 
[D2 may therefore be polymorphic crystalline modifications of the photo-dimer of 1 : 2- 
di-9’-anthranylethane, in which, as Fig. 4 shows, the two dianthracene portions are linked 
in a strainless 8-membered ring (the stereochemistry of such rings has been discussed by 
Baker, Banks, Lyon, and Mann, J., 1945, 27). With both D1 and D2, dissociation, similar 
to that observed in ethyl benzoate solution, occurred when attempts were made to deter- 
mine molecular weights in molten camphor by Rast’s method. 

The mother-liquors from these hydrocarbons contained 9-benzoyloxy-10-methyl- 
anthracene (V; R = Ph), which was also synthesised for comparison by benzoylation 
of 10-methylanthrone. There was also present the 10-benzoyloxy-derivative (VI; R = 
O-COPh) of dianthranylethane and a trace of anthraquinone. The isolation of the nuclear 
benzoate (V) and not the side-chain isomer (IV) is significant, for it indicates that although 
the meso-position 10 and the C-H bond of the methyl group in 9-methylanthracene can be 
attacked by benzoate radicals with comparable ease the nature of the succeeding reaction 
must be influenced considerably by the relative stabilities of the radicals (X) and (XI). 
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Resonance concepts indicate that (XI) should be much more stable than (X); it would 
therefore be more prone to persist and attain a concentration sufficient for dimerization. 
Nevertheless the formation of a little of the corresponding benzoate (IV; R = Ph) would 
have been expected. The formation of the dimers (VI) from (XI) accounts for the high yield 
of benzoic acid in this reaction. Our observations with 9-methylanthracene are analogous 
to those of Augood, Hey, and their colleagues (loc. cit.) who have recently shown that 
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p-xylene and mesitylene yield dibenzyl derivatives of type (VI) on treatment with benzoy] 
peroxide, though toluene gave only methyldiphenyls. Again, these workers found no 
evidence of side-chain substitution by benzoate groups. Thus though the reactions of 
benzoyl peroxide with aromatic hydrocarbons exhibit many resemblances to those of lead 
tetra-acetate, studied by Fieser and his colleagues (loc. cit.), there are nevertheless some 
evident differences which may perhaps indicate different reaction mechanisms. 


EXPERIMENTAL 

Materials.—Anthracene was purified by Fieser’s method (‘‘ Experiments in Organic 
Chemistry,” D. C. Heath and Co., 1941, p. 345, footnote). 

1 : 2-Benzanthracene was synthesised by cyclising the condensation product of naphthalene 
with phthalic anhydride and reducing the resulting 1 : 2-benzanthraquinone via 1 : 2-benz- 
anthrone (Badger and Cook, J., 1939, 804). 

Commercial | : 2-5 : 6-dibenzanthracene (Messrs. L. Light & Co.) was purified by reaction 
with maleic anydride (Cook et al., Proc. Roy. Soc., 1932, B, 111, 469) and crystallised to m. p. 
261—262°. 

Phenanthrene, chrysene, and 3: 4-benzopyrene were commercial materials of satisfactory 
m. p. 
9-Methylanthracene was prepared by the action of methylmagnesium bromide on anthrone 
in benzene (Sieglitz and Marx, Ber., 1923, 56, 1619) and purified to m. p. 80—81° by chromato- 
graphy on alumina, followed by crystallisation from 96% ethanol. 

Benzoy! peroxide was purified by dissolution in hot acetone, filtration into an equal volume 
of 80% ethanol, and finally drying over phosphoric oxide. 

Chlorobenzene was purified by washing it with sodium hydroxide solution, drying, and 
fractional distillation. 

For all chromatographic separations neutral alumina was prepared by stirring the commercial 
powder with an excess of warm dilute acetic acid for 30 minutes, washing the resulting solid 
very liberally with distilled water and then methanol, and finally reactivating it at 190°/4 mm. 
for 20 hours. 

Unless otherwise stated, the reactions were carried out in chlorobenzene solution under a 
slow stream of purified nitrogen, and the carbon dioxide formed was determined by absorption 
in ‘‘ Carbosorb.”” The reaction vessel was immersed in an oil-bath at 80° and shielded from 
direct sunlight. The reactions were allowed to proceed for 36 hours so as to ensure the complete 
decomposition of the benzoyl peroxide. 

Reaction of Anthracene.—Anthracene (5-00 g., 0-028 mole) with benzoyl peroxide (6-75 g., 
0-028 mole) yielded 0-291 g. (11-9%) of carbon dioxide. On cooling, the chlorobenzene solution 
wasextracted 3 times with sodium hydrogen carbonate solution, then with water, and dried (CaCl,). 
Acidification of the aqueous extract gave 3-01 g. (446%) of benzoic acid. The chlorobenzene 
solution after concentration to 15 c.c. and storage at 0° deposited a light yellow solid (0-38 g.) 
which after crystallisation from benzene proved to be unchanged anthracene (m. p. and mixed 
m. p. 212—214°). The chlorobenzene mother-liquor was evaporated to dryness and the result- 
ing brown gum was chromatographed in a 10% solution of benzene in light petroleum (b. p. 
60—80°) on neutralised activated alumina (150 g.). Elution (i) with the same mixture gave a 
semi-solid (0-51 g.) smelling of chlorodiphenyl which, on treatment with ether gave a further 
0-18 g. of anthracene. Elution (ii) with 3:7 benzene—light petroleum gave a semi-solid 
(1-50 g.) which on treatment with ether gave a light yellow powder (0-95 g.), m. p. 167—170°. 
This crystallised from xylene—acetic acid in light yellow needles, m. p. 172—173° alone or mixed 
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with an authentic specimen of 9-benzoyloxyanthracene (Barnett and Matthews, /., 1923, 
128, 389) (Found: C, 84:3; H, 4:7. Calc. for C,,H,,O,: C, 84:6; H, 4-7%). For further 
proof of structure, (a) hydrolysis with 50% sulphuric acid yielded benzoic acid, and (b) heating 
the substance (0-2 g.) for 4 hours with concentrated hydrochloric acid (8 c.c.) and ethanol (12 c.c.) 
and then pouring into water gave ethyl benzoate (identified by odour) and a precipitated 
solid; this was warmed with aqueous potassium hydroxide and the resulting solution was 
rapidly filtered into an excess of dilute hydrochloric acid, yielding anthrone as light yellow needles, 
m. p. and mixed m. p. 158—159° [from benzene—petroleum (3 : 1)). 

Exhaustive elution of the alumina with the same solvent gave a further 0-32 g. of 9-benzoyl- 
oxyanthracene (total yield 15-2% based on anthracene). Further elution (iii) with 50° benzene— 
light petroleum gave a gum which when rubbed with ether gave 0-14 g. of a yellow solid. In 
boiling benzene this left a small white residue which, crystallised from xylene, had m. p. 286— 
288°, an ultra-violet absorption spectrum characteristic of a benzenoid compound, and an 
infra-red spectrum which did not show the presence of C—O or O-H groups; this material was 
perhaps an ether. The benzene filtrate from this trace of solid, on cooling, deposited yellow 
needles, m. p. 250—260°, which when warmed with alkaline sodium dithionite gave a deep red 
solution. After filtration this solution was aerated and the solid which separated was collected, 
dried, sublimed, and crystallised from benzene, it then proving to be anthraquinone, m. p. 275— 
276°. 

The final fractions from exhaustion of the alumina column with solvents were uncrystallis- 
able resins. This material (0-31 g.) was oxidised with hot chromium trioxide (0-4 g.) in acetic 
acid (10 c.c.) for 40 minutes and then poured into water. The solid again yielded anthra- 
quinone (0-17 g.; m. p. and mixed m. p. 276—277°). On acidification the alkaline extracts 
yielded only 5 mg. of a brown resin. 

Reaction of 1: 2-Benzanthracene.—The hydrocarbon (5-4 g., 0-023 mole) with benzoyl 
peroxide (5-75 g., 0-023 mole) in chlorobenzene (100 c.c.) yielded carbon dioxide (0-307 g., 
14:7%) and benzoic acid (2-51 g., 43-6%). Evaporation of the chlorobenzene left a red gum 
(8-4 g.) which was chromatographed in 2:3 benzene-light petroleum on neutral alumina. 
After recovery of 0-13 g. of unchanged hydrocarbon the main fractions consisted of red viscid 
oils (6 g.) which were re-united and then when rubbed with toluene gave a yellow solid (1-18 g.), 
m. p. 165—169° (crystallised from toluene). After passage through a fresh alumina column and 
a further crystallisation from toluene this proved to be 10-benzoyloxy-1 : 2-benzanthracene 
of m. p. 170-5—171° alone or mixed with an authentic specimen (Cook, /J., 1930, 1087) (Found : 
C, 85-7; H, 4:35. Cale. for C,;H,,0,: C, 86-3; H, 4:6%). The crude benzoate (0-10 g.), 
when oxidised with chromic acid in acetic acid, gave benzoic acid (25 mg.), m. p. and mixed 
m. p. 121°, and a yellow semi-solid which on reduction with alkaline sodium dithionite gave a 
red solution indicative of the meso-quinone. 

Reactions with 1: 2-5 : 6-Dibenzanthracene.—(a) Under nitrogen. Heating the hydrocarbon 
(1-00 g.) and benzoyl peroxide (0-90 g.) in chlorobenzene (100 c.c.) at 80° for 36 hours under 
nitrogen afforded a light orange solution and carbon dioxide (0-127 g., 38-994). Sodium hydro- 
gen carbonate extraction gave benzoic acid (0-36 g., 40-1%). The solution, after concentration 
to 15 c.c. and storage at 0°, yielded 0-78 g. of unchanged hydrocarbon. The remainder after 
evaporation to dryness was passed in benzene (75 c.c.) through neutral alumina, whereby a 
further 0-11 g. of the hydrocarbon (total recovery, 89°%) and 0-08 g. of a gum were obtained. 
On chromic acid oxidation this yielded less than 1 mg. of benzoic acid and a residue which did 
not exhibit the reactions of either of the possible dibenzanthraquinones. 

(b) In the presence of oxygen. After 36 hours’ reaction the product from 4-0 g. of hydrocarbon, 
3-5 g. of benzoyl peroxide, and 170 c.c. of chlorobenzene was deep red. Extraction with sodium 
hydrogen carbonate yielded benzoic acid (1-67 g., 47-7%). After extraction with sodium hydr- 
oxide solution, then water, and drying, the solution was concentrated to 40 c.c. and stored at 
0°. A light yellow solid (1-22 g.) was deposited, from which unchanged hydrocarbon (0-98 g.) 
was recovered. Evaporation of the remaining solution gave 4-1 g. of a resin which was passed 
in chloroform (10 c.c.) on to a column of neutral alumina, saturated with light petroleum (b. p. 
60—80°). Elution with benzene-light petroleum (1: 1) gave unchanged hydrocarbon (0-28 g.; 
total recovery, 31%). Elution with benzene then gave an orange solid (0-54 g.) which after 
successive crystallisation from benzene and chloroform-ethanol gave orange needles, m. p. 
247—248-5°, their mixed m. p. with authentic 1 : 2-5: 6-dibenzanthra-9 : 10-quinone being 
247—249°. This substance gave a red solution when warmed with alkaline sodium dithionite 
and a violet colour with concentrated sulphuric acid. Further elution of the column with ether 
and then with chloroform gave a resin (1-52 g.) which could not be purified by further chromato- 
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graphy on alumina. The resin (1-25 g.) was oxidised for 6 hours with potassium dichromate 
(6 g.) in acetic acid (30 c.c.). Pouring into water, extraction with chloroform, and washing with 
aqueous sodium hydrogen carbonate gave, from the alkaline layer, 0-23 g. of benzoic acid, and 
from the chloroform layer 0-37 g. of a red solid which was extracted with hot benzene (25 c.c.). 
The dark red residue from this operation (0-04 g.) was sublimed at 295°/0-04 mm. and then 
crystallised from nitrobenzene; it then had m. p. 324—325° (decomp.) (Cook, J., 1933, 1592, 
gives m. p. 326—327° for 1 : 2-5 : 6-dibenzanthra-3 : 4-quinone). Its identity was confirmed by 
formation of a yellow azine and by its bright blue colour in concentrated sulphuric acid. The 
filtrate from the above was passed down a column of activated alumina whereupon it separated 
into red and yellow bands. The yellow band gave a further 0-05 g. of the 9: 10-quinone, m. p. 
and mixed m. p. 245—247°, whilst the red band gave a further 0-08 g. of the 3: 4-quinone. In 
a second experiment 0-30 g. of the original resin after sublimation at 200°/0-04 mm. gave 6 mg. 
of benzoic acid, and at 300°/0-04 mm. a brown resinous solid which did not give quinone colour 
reactions with concentrated sulphuric acid. 

(c) Oxygen-absorption experiments. For these the reaction flask was connected to a gas 
burette through a U-tube containing ‘‘ Carbosorb.’”’ The system was evacuated at room 
temperature, dry oxygen was then admitted, and the flask was shaken vigorously in a thermo- 
stat at 80°, light being excluded and the system adjusted to atmospheric pressure after equili- 
brium had first been established. In experiment A (blank) 0-900 g. of benzoyl peroxide was 
used in 20 c.c. of chlorobenzene. In experiment B, 0-900 g. benzoyl peroxide (0-0037 mole) 
and 0-50 g. of dibenzanthracene (0-0018 mole) were used in 20 c.c. of chlorobenzene. Results 
were : 

Time (hours) 1 3 48 ‘ 96 Total (mole) 
A (c.c. of O, taken up; N.T.P.)... 0-9 1-1 “2 4-4 ; 6-4 2-85 x 104 
B oo Ps a 4-4 6-5 g- 10-2 . 10-2 4:55 « 10°¢ 
Both solutions became dark red within 5 hours. 

Reaction with 3 : 4-Benzopyrene.—The hydrocarbon (4-0 g., 0-0158 mole) with benzoyl peroxide 
(3-84 g., 0-0158 mole) in chlorobenzene (170 c.c.) yielded benzoic acid (1-80 g., 46-9%) but only 
0-037 g. (2:6°%) of carbon dioxide. The solution was concentrated to 15 c.c., and stored at 0° for 
24 hours, 3-03 g. ofa solid, m. p. 190—215°, separating from the black liquid. Crystallisation from 
benzene (30 c.c.) gave a light yellow solid, m. p. 218—219° (1-98 g., 33-6% based on the hydro- 
carbon). Two further crystallisations from benzene raised the m. p. to 220—221° (Found: C, 87-5; 
H, 4-5. C,;H,,O, requires C, 87-2; H, 4:35%) and admixture with authentic 5-benzoyloxy- 
3: 4-benzopyrene, synthesised as described below, did not depress the m. p. 5-Hydroxy- 
3: 4-benzopyrene was prepared by hydrolysis of the reaction product of the corresponding 5- 
acetoxy-compound and u-butylmagnesium bromide, as described by Fieser and Hershberg (/. 
Amer. Chem. Soc., 1939, 61, 1565). This phenol (0-15 g.), together with benzoic anhydride (0-3 g.), 
was dissolved in pyridine (5 c.c.), and the whole was warmed on a water-bath at 100° for an hour 
and then poured into an excess of dilute hydrochloric acid. After extraction with warm 
benzene the organic layer was shaken with sodium hydrogen carbonate solution, then water, 
and dried (CaCl,). On concentration of the solution to 3c.c. and cooling, a yellow solid (0-15 g.), 
m., p. 218—219°, was deposited ; after crystallisation from benzene this had m. p. 220-5—221-5° 
and was identical with the previously described benzoate (Found: C, 86-8; H, 4:3%). 

Reaction with Phenanthrene.—Phenanthrene (10 g.) with benzoyl peroxide (13-6 g.) in 
chlorobenzene (250 c.c.) gave carbon dioxide (2-42 g., 48-9°%) and benzoic acid (3-80 g., 28%). 
85% of the hydrocarbon was recovered unchanged and no phenanthrene derivatives could be 
isolated by chromatography of the residual solutions: chlorodiphenyls and phenyl benzoate 
were present. 

Reaction with Chrysene.—When carried out exactly as above, this gave a 57-7% yield of 
carbon dioxide, and 87% of the hydrocarbon was recovered unchanged. 

Reaction with 9-Methylanthracene.—Only 2-31% of carbon dioxide was evolved from the 
reaction of 9-methylanthracene (10 g., 0-052 mole.) with benzoyl peroxide (12-6 g., 0-052 mole.) 
in chlorobenzene (150 c.c.); a second experiment gave 2-01% of carbon dioxide. On cooling, 
0-08 g. of a yellow product (VI; R = H), m. p. 306—311° (decomp.), was deposited. Extrac- 
tion of the chlorobenzene solution with aqueous sodium hydrogen carbonate gave benzoic acid 
(6-56 g., 52-0%; a second experiment gave 51:3%). After drying (CaCl,), the chlorobenzene 
solution was concentrated to 30 c.c. and kept at 0°, 1-15 g. of a yellow solid (D1) being obtained. 
The chlorobenzene was then evaporated and the resulting gum was dissolved in benzene (30 c.c.). 
Storage overnight yielded a white solid (D2) (0-08 g.). When, in a second experiment, the 
benzene solution was chromatographed immediately, D2 was eluted as the first fraction. 
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After purification, the compound (VI; R = H) crystallised from toluene in long fine needles, 
m. p. 308—313° (decomp.) (Found: C, 94-2; H, 6-0. Calc. for Cy,H,,: C, 94:2; H, 5-8%). 
Its solution in chloroform was strongly fluorescent in ultra-violet light. Its absorption spectra 
in both the infra-red and the ultra-violet region were identical with those of 1 : 2-di-9’-anthranyl- 
ethane and admixture with this compound did not depress the m. p. 

Solid D 1 crystallised from toluene as a mixture of needles and prisms. This was heated 
with a small volume of toluene and filtered. The nearly white residue was dissolved in an excess 
of boiling toluene and allowed to cool slowly, a mixture of large opaque hexagonal prisms 
(elongated along one radial axis) and small transparent rhombohedral prisms then being de- 
posited (Found: C, 94:2; H, 5-75. C,H. requires C, 94-2; H, 5-8%). These two crystalline 
forms were separated by hand; both softened and became yellow on a m. p. block at 270— 
280° and finally melted at 308—313° (decomp.). A chloroform solution of the mixture was not 
fluorescent and exhibited an ultra-violet spectrum characteristic of a benzenoid substance 
(Fig. 2, D). 

The compound D 2, after two recrystallisations from toluene, gave deep rhombic prisms 
which melted almost completely at 230—236°, then resolidified as the temperature was raised, 
and finally melted with decomposition at 278—284°. Recrystallisation from glacial acetic 
acid did not alter this behaviour (Found : C, 93-9; H, 5-9. Cy 9H». requires C, 94-2; H, 5-8%). 
The infra-red and ultra-violet spectra were almost identical with those of hydrocarbon D1. 

The benzene mother-liquors from the separation of D 2 were diluted with light petroleum 
(b. p. 60—80°) and chromatographed on neutralalumina. (i) Evaporation of the mixed solvent 
gave substance D 2 (10 mg.). (ii) Elution with 50% benzene-light petroleum gave a light 
yellow gum which on treatment with acetone-ethanol deposited a solid (0-08 g.), m. p. 229— 
236°. (iii) Continued elution with the same mixed solvent gave more yellow gum (0-26 g.) 
which when covered for some days with ethyl acetate—-ethanol and then crystallised from toluene 
yielded a solid (25 mg.), m. p. 226—230°. 

The mother-liquors from this substance were again chromatographed on neutral alumina, 
and the middle fractions which were then extracted with benzene-light petroleum and had 
m. p. range 175—180° were bulked and crystallised twice from toluene—acetic acid, giving 
light yellow needles, m. p. 180—181° (Found: C, 85-2; H, 5-39; M, 268. C,,H,,O, requires 
C, 84:7; H, 52%; M, 312). The m. p. of this product was not depressed by admixture with 
authentic 9-benzoyloxy-10-methylanthracene (see below) and both samples had the same infra- 
red spectrum. 

The later fractions from elution of the original reaction mixture were oily solids which, after 
being rubbed with ether, solidified and had m. p. 238—241°. The final band eluted with ethyl 
acetate, was a gum which on treatment with acetone-ethanol yielded a yellow solid (0-35 g.), 
m. p. 227—237°. This was bulked with previous solids having the same m. p. range (see above), 
dissolved in 3:2 benzene—light petroleum and again chromatographed on neutral alumina. 
The solids obtained by rubbing the middle fractions of these eluates with ether were crystallised 
twice from toluene, giving yellow needles, m. p. 244—245° (Found : C, 88-2; H, 5-2%; M, 425. 
Cy,H,,O, requires C, 88-4; H, 5:2%; M, 503). This corresponds to 1-9’-anthranyl-2-(10- 
benzoyloxy-9-anthranyl)ethane (VI; R = Ph*CO,) and the infra-red spectrum (Fig. 3, F) further 
supports its identity. 

Eventually the residue from the original chromatogram was extracted with chloroform, 
and gave an orange solid (0-15 g.). Further chromatography of this, with elution by benzene, 
gave anthraquinone (55 mg., m. p. and mixed m. p. 278—279°; red colour in warm alkaline 
sodium dithionite). Alkaline hydrolysis of the resins which accompanied this material yielded 
benzoic acid (0-3 g.) and a further 0-19 g. of anthraquinone. No 9-hydroxymethylanthracene 
could be found in any fraction of eluted material. 

Depolymerisation of D 2.—35 Mg. of the hydrocarbon were heated in ethyl benzoate (2 c.c.) 
for 4 hour at 180°. The resulting yellow solution was concentrated, the white unchanged 
hydrocarbon was separated, and the mother-liquors were then reduced to dryness under reduced 
pressure. The ultra-violet spectrum of the resulting solid (Fig. 2, B) was almost identical with 
that of 1 : 2-di-9’-anthranylethane (Fig. 2, A). On account of this depolymerisation, attempts at 
determination of the molecular weights of both D 1 and D 2 by Rast’s method in camphor gave 
values approximating to that of the monomer (VI; R = H). 

Photo-polymerisation of 1 : 2-Di-9’-anthranylethane.—50 Mg. of (VI; R = H) in pure benzene 
(50 c.c.) were irradiated under a reflux condenser for 24 hours with a 250-w Hanovia ultra- 
violet lamp. The hot solution was then filtered and, after cooling, colourless prisms (5 mg.) 
were collected. Their solution in chloroform was not fluorescent and the ultra-violet spectrum 
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revealed destruction of the anthracene-like absorption of the starting material. The m. p. 
and crystalline form of the product were the same as those of the hexagonal prisms of hydro- 
carbon D I. 

Reference Materials.—(a) 9-Benzoyloxy-10-methylanthracene. 10-Methylanthrone (1-2 g.; 
Barnett and Matthews, Ber., 1926, 59, 768) was warmed on a water-bath for an hour with 
pyridine (6 c.c.) and benzoic anhydride (2-5 g.) and the whole then poured into water. The 
oil which separated was dissolved in ether, washed with dilute hydrochloric acid, sodium hydrogen 
carbonate, and water and then dried (CaCl,). The solid obtained by evaporation of the ether 
was crystallised twice from toluene, and gave fine needles, m. p. 180—181° (Found: C, 84-7; 
H, 5-2%). 

(b) 1: 2-Di-9’-anthranylethane. This was prepared by reduction of 10-methyleneanthrone 
with zinc and hydrochloric acid in acetic acid solution (Barnett and Matthews, Joc. cit.) (Found : 
C, 94-0; H, 6-0. Calc. for Cy,H,,: C, 94-2; H, 5-8%). Its m. p. and infra-red spectrum in 
both a-bromonaphthalene and paraffin paste (Fig. 3, C) were identical with those previously 
recorded for compound (VI; R = H). 

(c) 10: 10’-Dimethyl-9 : 9’-dianthranyl. This was prepared by reduction of 10-methylanthrone 
with zinc dust and ammonia (Barnett and Matthews, /oc. cit.), and its infra-red spectrum was 
determined both in «-bromonaphthalene and in paraffin paste (Fig. 3, B). Our analysis accords 
with the formula stated above (Found: C, 94-2; H, 5-75. Calc. for C,,H,,:C, 942; H, 
58%). For comparison, the infra-red spectra of 9-methylanthracene and of 9 : 10-dihydro-9- 
methylanthracene (Sieglitz and Marx, Ber., 1923, 56, 1619) were also measured (Fig. 3, A and LD). 

The use of «-bromonaphthalene as a pasting medium for the elucidation of infra-red spectra 
in the aliphatic C-—H stretching region (ca. 3-4 4) was suggested to us by Dr. F, B. Strauss. 
On account of its availability and aromatic character it is superior to perfluorinated paraffins 
for the detection of alkyl side-chains in aromatic systems. 


Microanalyses and measurements of both ultra-violet and infra-red spectra were carried out 
by Drs. Strauss and Weiler. This investigation has been carried out on behalf of the British 
Empire Cancer Campaign, the Council of which we thank for a grant made to one of us (I. M. R.) 
and for a gift of 3: 4-benzopyrene. We also thank Professor A. Haddow, M.D., for his interest 
in the work. 
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510. Magnetochemistry of the Heaviest Elements. Part VII.* 
Sodium Plutonyl Acetate. 


By J. K. Dawson. 


The magnetic susceptibility of sodium plutonyl acetate, measured over 
the temperature range 90—300° k, follows the Curie law exactly and agrees 
with the theoretical spin-only value for two unpaired electrons. This is taken 
as evidence that the ground state of the plutonyl ion has a 6d? electron 
configuration. 


RESULTS obtained by dilution in solid solution in the diamagnetic isomorphous thorium 
compounds have shown that uranium and plutonium tetrafluorides have susceptibilities at 
infinite dilution corresponding to two and four unpaired electrons in the 6d and 5f energy 
levels respectively (J., 1951, 2889; 1952, 1185, 1882). The dioxides have approximately 
the same susceptibilities at infinite dilution as the fluorides but their behaviour with 
increasing concentration is more complex. It was of interest to examine the sexivalent 
plutonium ion, which should have two unpaired electrons, and to determine whether these 
are in the 5f or the 6d level. The most readily characterised compound is sodium plutony] 
acetate which should be magnetically dilute and has been shown to crystallise in a fluorite- 
type lattice (a = 10-64 A) isomorphous with sodium uranyl acetate (Zachariasen, ‘“ The 
Transuranium Elements,’’ National Nuclear Energy Series, 1949, 14, B, paper 20.7). No 
* Part VI, J., 1952, 1882. 
8L 
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previous measurements have been reported on solid plutonyl compounds but the magnetic 
moment of Pu(vI) in solution in 0-5M-hydrochloric acid has been given as 2-91 Bohr 
magnetons (Calvin, Kasha, and Sheline, ibid., paper 4.23). 


EXPERIMENTAL 

Aliquots of a pure solution of plutonium tetranitrate in dilute nitric acid were oxidised with 
freshly prepared silver peroxide. The plutonium was precipitated with ammonia; the 
precipitate was washed once with a small amount of water and was dissolved in dilute acetic acid. 
To this solution was added an excess of sodium acetate in dilute acetic acid, and the resulting 
sodium plutonyl acetate was centrifuged, washed several times with absolute ethanol, and dried 
ina high vacuum. The solubility of sodium plutonyl] acetate in aqueous systems is quite high 
and so it is very difficult to free it from excess of sodium acetate. Spectrographic analyses showed 
that the amounts of foreign elements present as impurity were negligible. 

Plutonium was determined by weighing samples of about 100 ug. on a quartz torsion fibre 
microbalance, dissolving the samples in known amounts of dilute nitric acid, and counting 
aliquots of the resulting solution on platinum discs in a methane proportional counter. 
The results obtained for two preparations were: A, Pu 48-2%; B, Pu 494% [Calc. for 
NaPuO,(C,H,O,),;: Pu, 50-7%]. Duplicate analyses agreed within about +0-2% and 
these results were interpreted as follows: Preparation A: NaPuO,(C,H,O,);, 95:0%; 
Na(C,H,0O,),3H,O, 5-0%. Preparation B: NaPuO,(C,H,O,)3, 97-394; Na(C,H,O,),3H,O, 
27%. 

The magnetic measurements were made on a susceptibility balance described previously 
(Dawson and Lister, J., 1950, 2177), with 1—3-mg. samples which were enclosed in Pyrex 
capillary tubes. After the measurements each sample tube was broken at a pre-formed scratch, 
and the contents were washed out. The two halves of the tube were then fused together again 
and the magnetic effect on the empty tube was measured. The measurements were referred to 
ferrous ammonium sulphate which was assumed to have a susceptibility of 32-31 x 10-¢ per g. 
at 20°. e 

The following diamagnetic corrections were applied for the calculation of the paramagnetic 
susceptibility of the plutonyl ion: Na*, 3-7; (C,H,O,)~, 28-7; O?-, 11-25; Pu(v1), 32-2; 
3H,O, 38-9 (all x 10°*); the value for the acetate ion was calculated from Pascal’s data 
(quoted by Selwood, ‘‘ Magnetochemistry,’’ Interscience Publ., 1943, Chap. III), and the others 
by Angus’s method (Proc. Roy. Soc., 1932, A, 136, 569), and that for Pu(v1) was based on a 6d? 
configuration. The results on two separate preparations are shown in the table, together with 
the theoretical values predicted by Hund’s method (Hund, Z. Physik, 1925, 38, 855). 


Magnetic susceptibility of sodium plutonyl acetate. 
Sample Time after pptn. Temp. (K) X%g.x10® Xm.x10® Xpuo,++ x 10* 


# (eff.) 
Sample. Preparation A. 


(i) ~1 day 300 
(it) ~2 days 300 
200 
90 
333 

Sample. Preparation B. 
(1) . 300 
(it) 300 
200 
90 
300 
300 
300 
300 
Theoretical spin-only 300 
200 
90 
Theor., 5f? configuration 300 
L-S coupling 200 
90 


6-53 
6-37 
9-94 
22-45 
5-76 


6-62 
6-79 
10-73 
23-35 
6-69 
6-64 
6-60 
6-36 


3,076 
2,997 
4,680 
10,810 


2,715 


3,221 
3,142 
4,825 
10,955 
2,860 


3,264 
3,345 
5,201 
11,145 
3,297 
3,271 
3,255 
3,140 
3,333 
5,000 
11,110 
5,334 
8,000 
17,780 


} 2-83 
} 5.58 * 


1 These results were obtained by using a magnetic field of 2500 gauss. 


At field strengths of 4200 
and 6600 gauss the results on samples A (i) and B (i) did not differ by more than +1%, indicating the 
absence of ferromagnetic impurities. * A 5f* configuration in j-j coupling gives a theoretical magnetic 
moment of 3-84. 





[1952 the Heaviest Elements. Part VII. 


DISCUSSION 


After the measurements on preparation A, it was suspected that the sample was slowly 
decomposing, to give a reduced susceptibility, and this was confirmed by making measure- 
ments at known time intervals on preparation B, sample (ii). This decomposition may be 
due to some instability of plutonium in the sexivalent state, but an alternative possibility 
is that decomposition may result from destructive bombardment of the acetate ions by the 
emitted a-particles, the plutonyl ion reverting to the quadrivalent oxide. A sample which 
was kept for several months no longer gave the characteristic X-ray diffraction pattern, 
and the colour changed gradually from pink to dark brown. In this connection it may be 
noted that in an attempt to prepare other types of compounds of sexivalent plutonium, 
i.e., the plutonates, the thermal decomposition of barium plutony] acetate was investigated : 
under conditions which were known to give barium uranate the plutonium compound 
yielded only a mixture of plutonium dioxide and barium oxide, as determined by the X-ray 
diffraction patterns. 

Over a period of a few hours the drop in susceptibility is small and, from the mean of 
the results on preparation B, samples (i) and (ii), it may be taken as 3305 x 10°6 at 300° k. 
and at the moment of precipitation. Within experimental error, this is the same as the 
spin-only value of 3333 x 10°* predicted theoretically by the equation 


u = 2°/S(S + 1) = 2-83>\/XT where S = 1 


Similar agreement exists at 200° and at 90° kK and there is no correlation with the theoretical 
values expected for a 5f? electron configuration (see Table). 

This behaviour is similar to that of the transition elements in which the 3d shell is in 
the process of being filled; Selwood, Lyon, and Ellis have recently shown, for instance, 
that the magnetic moments of chromic and ferric oxides in solid solution in aluminium 
oxide at infinite dilution are exactly equal to the spin-only values (J. Amer. Chem. Soc., 
1951, 73, 2310). Sodium plutonyl acetate obeys the Curie law between 90° and 330° k, the 
Weiss constant being zero—an indication that it is a truly dilute compound and may be 
compared directly with chromic and ferric oxides at infinite dilution. Consequently the 
agreement with the spin-only value is taken as evidence for the electrons’ being in the 6d 
energy level; in a magnetically dilute compound a 5f? electron configuration would be 
expected to show some orbital contribution to the susceptibility owing to the shielding 
effect of the 6s- and 6p-electrons. 

The susceptibility at room temperature is the same as that obtained previously for the 
quadrivalent uranium ion at infinite dilution in the UF,-ThF, (loc. cit.) and the UO,-ThO, 
lattices (Trzebiatowski and Selwood, ibid., 1950, 72, 4504), and in addition De Bruin, 
Klinkenberg, and Schuurmans (Z. Phystk, 1944, 122, 23) have given spectroscopic 
evidence that the ground state of the Th®* ion has a 6d?-electron configuration. 
Consequently, as far as physical measurements are concerned the 6d appears to be 
considerably more stable than the 5f energy level in those ions of the seventh-period 
elements which have two unpaired electrons. 


The author thanks Miss R. M. Elliott for the preparation of the sodium plutony] acetate and 
the Director, A.E.R.E., for permission to publish the results. 
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511. Nucleotides. Part XII.* The Preparation of Cyclic 
2’ : 3'-Phosphates of Adenosine, Cytidine, and Uridine. 


By D. M. Brown, D. I. Macratn, and A. R. Topp. 


The preparation of the cyclic 2’: 3’-phosphates of adenosine, cytidine, 
and uridine is described, and some of their properties are recorded. The 
cytidine and uridine derivatives have been identified as products of incom- 
plete ribonuclease digestion of ribonucleic acids. 


In Part IX of this series (J., 1952, 44) Brown and Todd described the synthesis of the iso- 
meric adenylic acids a and 6 originally isolated by Carter and Cohn (Fed. Proc., 1949, 8, 
190) from alkaline hydrolysates of yeast ribonucleic acid and presented evidence for the 
view that they are the 2’- and 3’-phosphates of adenosine (I and II; R = adenine residue) 
although not necessarily respectively. It was concluded by analogy that the other isomeric 
pairs of a and 6 nucleotides derived from guanosine, uridine, and cytidine, which are also 
obtained from alkaline hydrolysates of ribonucleic acids (Cohn, J. Amer. Chem. Soc., 1950, 
72, 1471, 2811; Loring, Luthy, Bortner, and Levy, ibid., p. 1471) were similarly 2’- and 
3’-phosphates of the respective nucleosides. The interconversion of the isomeric a and 5 
nucleotides in acid media (Brown, Haynes, and Todd, J., 1950, 2299; Cohn, J. Amer. 
Chem. Soc., 1950, 72, 2811) was ascribed by Brown and Todd (loc. cit.) to a facile phosphoryl 
migration analogous to that already well-known for the monophosphates of glycerol. This 
migration was considered to proceed via an intermediate cyclic nucleoside-2’ : 3’ phosphate 
(III). In the specific case of the adenylic acids a and 6 it was shown that their monobenzyl 
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esters did not show the normal stability of phosphodiesters towards alkali, but were readily 
hydrolysed by acid or alkali to yield in each case benzyl alcohol and a mixture of the free 
a and b nucleotides (Part IX, Joc. cit.); the hydrolysis in these cases was postulated to occur 
by an initial cyclisation and to yield as an intermediate the cyclic adenosine-2’ : 3’ phosphate 
which then underwent fission in two directions giving both the a and 6 acids (Part X, 
Brown and Todd, J., 1952, 52). Based on these observations a simple explanation was 
derived for the hydrolytic behaviour of the nucleic acids and certain necessary structural 
consequences were pointed out (Part X, Joc. cit.). It was clearly desirable that efforts 
should be made to synthesise cyclic nucleoside-2’ : 3’ phosphates in order to ascertain 
whether their properties were in agreement with those which we predicted and whether their 
stability was such that, if our interpretation of the hydrolytic behaviour of the ribonucleic 
acids was correct, they might actually occur among the products of enzymic hydrolysis of 
these acids. The present paper records the preparation of the cyclic 2’ : 3’-phosphates of 
adenosine (III; R = adenine residue), cytidine (III; R = cytosine residue), and uridine 
(111; R = uracil residue). All three have been isolated in substance as their barium salts 
and some of their properties are described. Publication of these results on the cyclic 
nucleoside phosphates is desirable at this stage since certain of them have already been 
identified in ribonuclease digests of ribonucleic acid (Brown and Todd, Part X, loc. cit. ; 
Markham and Smith, Nature, 1951, 168, 406; Biochem. J., 1952, in the press) and their 
importance in nucleic acid chemistry has become such that a description of their synthesis 


* Part XI, 1952, 2530. 
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is required so that they can be made more generally available for comparative purposes in 
degradative studies. 

During exploratory studies on possible routes to the synthesis of the oxidation—reduction 
coenzyme flavin-adenine dinucleotide (FAD) it had been observed that attempts to apply 
exchange reactions (cf. Mason and Todd, J., 1951, 2267; Corby, Kenner, and Todd, /., 
1952, in the press) between riboflavin-5’ phosphate and pyrophosphates yielded the cyclic 
riboflavin-4’ : 5’ phosphate (Forrest, Mason, and Todd, J., 1952, 2530). While seeking to 
prevent this undesirable reaction by prior acylation of the riboflavin-5’ phosphate, it was 
observed that treatment with trifluoroacetic anhydride followed by removal of trifluoro- 
acetyl groups gave the same riboflavin-4’ : 5’ phosphate in excellent yield. It seemed 
therefore likely that a similar procedure applied to nucleoside-2’ or -3’ phosphates would 
give the cyclic 2’ : 3’-phosphates and it was decided to apply it first in the adenosine series. 
The production of cyclic phosphates from such compounds as riboflavin-5’ phosphate or 
adenosine-2’ and -3’ phosphates by means of trifluoroacetic anhydride proceeds without 
doubt through initial formation of a mixed anhydride of the phosphate with trifluoroacetic 
acid (e.g.,1V; R = adenine residue; R’ = CO’CF,). The mixed anhydride can then react 
as a phosphorylating reagent towards the adjacent hydroxyl group, or it might, under 
appropriate conditions, react with more phosphate to yield a pyrophosphate which could 
phosphorylate in an analogous manner liberating a molecule of the original phosphate. In 
addition to intramolecular reaction to produce cyclic phosphate, intermolecular phosphoryl- 
ation by the mixed anhydride might also occur yielding, in the case of the adenylic acids, 
di- or poly-nucleotides. Since increased dilution of the reaction solution should favour 
intramolecular as opposed to intermolecular phosphorylation and since, moreover, excess 
of trifluoroacetic anhydride should tend to minimise pyrophosphate production it was 
decided that preparation of adenosine-2’ : 3’ phosphate (III; R = adenine residue) should 
be attempted by allowing adenylic acid a or b to react with excess of trifluoroacetic anhydride 
in the cold. 

When this reaction was carried out with either adenylic acid a or adenylic acid 6 and the 
mixture treated with ethanolic ammonia to remove trifluoroacetyl groups, the product was 
found by paper chromatography to contain, in addition to some unchanged starting 
material, a new substance as its major constituent. This new substance—identical 
whether the starting material was the a or b isomer—showed the general behaviour expected 
of a cyclic 2’ : 3’-phosphate in that it behaved chromatographically like a monoester of a 
nucleotide, travelling rather faster than the original free nucleotide in isopropyl alcohol— 
water—ammonia and rather slower in aqueous disodium hydrogen phosphate-isoamyl 
alcohol; moreover on treatment with acid or alkali it was converted into a mixture of a 
and 6 nucleotides. The same preparative procedure applied to uridylic acids a and 6, 
cytidylic acids a and b, and guanylic acids a and b yielded analogous products. In these 
preliminary experiments the products, although separated chromatographically and ex- 
amined in an apparently homogeneous condition, were not isolated in the solid state. Ina 
larger-scale experiment, in which yeast adenylic acid (containing both the a and b isomers) 
was used as starting material, the crude product after ammonia treatinent was purified by 
precipitation from solvents till free from starting material and then converted into a barium 
salt. After purification by precipitation from aqueous solution with ethanol, barium adeno- 
sine-2’ : 3’ phosphate was obtained as a white microcrystalline powder; the salt was hydr- 
ated and water of crystallisation could only be removed with difficulty. The free acid did 
not appear to crystallise readily and its isolation in solid form was not pursued, the barium 
salt being adequate for general use as a source of solutions of the acid when required. 

Adenosine-2’ : 3’ phosphate is stable to periodate, and electrometric titration (see Figure) 
shows that it contains no secondary phosphoryl dissociation, a fact which disposes of the 
possibility that the product might have been a dinucleotide. Cryoscopic determination 
of the molecular weight of the barium salt in water gave a value of 674 on the assumption 
that it would yield three ions in solution. This figure is a good deal lower than the theo- 
retical figure of 793, but despite the apparent inaccuracy of the method the result definitely 
supports the cyclic phosphate structure rather than the conceivable diadenosine pyrophos- 
phate structure; the stability of the product towards cold alcoholic ammonia also speaks 





2710 Brown, Magrath, and Todd : 


against a pyrophosphate structure. In aqueous solution between pH 4 and pH 9 the 
cyclic phosphate appears to be stable but treatment with 0-1N-hydrochloric acid for 1 hour 
at room temperature or 0-5N-sodium hydroxide at 37° for 12 hours caused hydrolysis to a 
mixture of adenylic acids a and b; the limiting conditions for hydrolysis have not been 
determined. 

Cytidine-2’ : 3’ phosphate (III ; R = cytosine residue) was prepared and isolated as its 
barium salt by an analogous reaction of mixed cytidylic acids a and b with trifluoroacetic 
anhydride followed by treatment with ethanolic ammonia. In this case the product con- 
tained another substance (in amount 10—20°%) whose nature is discussed below. It was 
rather similar to the cyclic phosphate and its separation from the ammonium salt of the 
latter required careful chromatography on a cellulose column. A similar by-product was 
encountered in the preparation of uridine-2’ : 3’ phosphate (III; R = uracil residue) which 
was also separated chromatographically, thereby permitting the isolation of the pure cyclic 
phosphate, finally as its barium salt. 

The properties of the two pyrimidine cyclic phosphates towards hydrolytic agents are 
similar to those of adenosine-2’ : 3’ phosphate, since they are converted under the same mild 
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conditions into the corresponding nucleotide (presumably a mixture of the a and the b 
isomer). Their electrometric titration curves (see Figure) likewise show no evidence of a 
secondary phosphoryl] dissociation. Amino- and hydroxyl functions titrated normally, as 
was to be expected, since the ultra-violet light absorption characteristics showed that the 
aglycone moiety was unaffected by the preparative procedure. It is clear that the properties 
of the nucleoside-2’ : 3’ phosphates are in every way consistent with the hypothesis (Brown 
and Todd, Part X, loc. cit.) that they are involved in the hydrolytic degradation of ribo- 
nucleic acids; their non-recognition in the past is to be attributed to their lack of stability 
under the hydrolytic conditions usually employed, leading to the isolation of only the a and 
the 5 isomers of the corresponding nucleotides. 

The structures of the two by-products mentioned above have been investigated. They 
were hydrolysed to the corresponding nucleotide under conditions only slightly more 
vigorous than those required to hydrolyse the cyclic phosphates. Ultra-violet light 
absorption measurements showed that the pyrimidine residues were unaltered and electro- 
metric titrations demonstrated that the substances behaved as ammonium salts of strong 
monobasic acids; in particular secondary phosphoryl dissociation was absent. Paper- 
strip electrophoresis experiments lent support to this conclusion. In a preparation of 
cytidine-2’ : 3’ phosphate, the ethanolic ammonia used in working up was replaced by 
ethanol solutions of triethylamine and of cyclohexylamine. The same by-product was again 
obtained in each case, showing that the nature of the base did not affect the constitution 
of the products. 

After consideration of the above evidence it was concluded that the substances were 
best formulated as esters of uridylic and cytidylic acids. Their ready hydrolysis accords 
well with our earlier observations on the benzyl esters of adenylic acids a and 6 (Brown and 
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Todd, Part IX, loc. cit.). This conclusion was confirmed by treatment of uridylic acid with 
ethanol containing a little hydrogen chloride and study of the products on paper chromato- 
grams. In addition to much unchanged nucleotide another product was observed which 
corresponded exactly to the by-product from the uridine-2’ : 3’ phosphate preparation. 
Furthermore, by dissolving uridylic acid in trifluoroacetic anhydride and working up, this 
time with a solution of ammonia in benzyl alcohol, there was obtained in addition to cyclic 
phosphate another substance corresponding exactly on paper chromatograms to uridine 
benzyl phosphate prepared by phenyldiazomethane esterification (unpublished work). 
The proportion of ester was very small when ammoniacal benzyl alcohol was employed ; 
this suggests that in the preparation of the cyclic phosphates the use of a less reactive 
alcohol, e.g., benzyl alcohol or tert.-butyl alcohol, instead of ethanol during the working up 
would be advantageous. 

The substances are therefore regarded as the ammonium salts of uridine ethyl phosphate 
and cytidine ethyl phosphate (IV; R = uracil or cytosine residue respectively, R’ = Et), 
probably being in each case a mixture of the a and the 6 isomer. Although analytical 
values are not satisfactory, difficulty has been experienced in this respect with other am- 
monium salts during the investigation. The production of esters of this type is not sur- 
prising since reaction between a mixed anhydride (IV; R’ = CO-CF,) and an alcohol in 
presence of base should yield an ester, particularly if prior trifluoroacetylation of the hydr- 
oxy] group vicinal to the phosphoryl group prevented intramolecular phosphorylation. 


EXPERIMENTAL 


Adenosine-2’ : 3’ Phosphate.—Trifluoroacetic anhydride (5 c.c., 12 mols.) was added to an- 
hydrous yeast adenylic acid (mixture of a and b isomers; 1 g., 1 mol.) and the resulting solution 
was set aside overnight at room temperature in a stoppered flask. The solution was evaporated 
under reduced pressure and the residual pale yellow resin triturated with dry ether. The white 
powder so obtained was added rapidly to a stirred ice-cold saturated solution of ammonia in 
ethanol (25 c.c.), and the mixture set aside for 30 minutes. Solid material (0-3 g.; mainly 
adenylic acid) was removed by centrifugation and washed with ethanol. The combined centri- 
fugate and, washings were evaporated under reduced pressure, and the residual resin was thor- 
oughly washed with acetone, then redissolved in methanol. Addition of ether gave the am- 
monium salt of the cyclic phosphate as a white deliquescent powder; it gave a single ultra- 
violet absorbing spot when chromatographed on paper with disodium hydrogen phosphate— 
isoamyl alcohol. On account of its very hygroscopic character satisfactory analyses could not 
be carried out on this material and it was therefore dissolved in water and heated on the steam- 
bath for 40 minutes with a slight excess of barium carbonate. The mixture was filtered, the 
filtrate concentrated to small bulk under reduced pressure, and excess of ethanol was added. 
The microcrystalline precipitate of barium adenosine-2’ : 3’ phosphate was purified by re-pre- 
cipitation from aqueous solution with ethanol. For analysis samples were dried for varying 
periods over phosphoric oxide at 110—115°/0-1 mm.; the dried materials were very hygroscopic 
and difficult to burn [Found, in material dried for: (a) 14 hours: C, 27-2; H, 4-0. 
(CyoH,,0,N,P),Ba,4H,O requires C, 27-7; H, 3-5. (b) 20 hours: C, 29-0; H, 3-1; N, 17-0; 
P, 7-4. (Cy49H,,O,N,;P),Ba,2H,O requires C, 28-9; H, 3-2; N, 16-9; P, 7-5. (c) 50 hours: 
C, 30-7; H, 3-5; N, 17-5. (Cy9H,,O,N,;P),Ba requires C, 30-2; H, 2-8; N, 17-7%]. Light 
absorption in water: Amax. 260 Mu; Amin. 225 my (ce, 13,150, 1830, for M = 397). The same 
product was obtained by starting from either of the pure adenylic acids a and b as was 
obtained from the mixture used in the preparation described. 

Cytidine-2’ : 3’ Phosphate.—The cyclic phosphate was obtained both from cytidylic acida 
and cytidylic acid b ; for preparative purposes it wasconvenient toemploy a preparation of cytidylic 
acid obtained by hydrolysis of yeast ribonucleic acid without separationof the pure isomers. 

Trifluoroacetic anhydride (6 c.c., 14 mols.) was added to anhydrous yeast cytidylic acid 
(1 g., 1 mol.). The mixture became warm and the acid dissolved completely within 20 minutes, 
giving a clear solution which was left overnight at room temperature, then evaporated under 
reduced pressure; the residue was triturated with dry ether (30 c.c.), falling to a white powder. 
The product was collected by centrifugation and washed with ether, and traces of solvent were 
removed in a vacuum-desiccator; it was then added to ice-cold saturated ethanolic ammonia 
(35 c.c.), and the mixture left for 30 minutes and centrifuged. The solid which was a mixture 
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of cytidylic acid and some of the cyclic phosphate was washed with cold ethanol (10 c.c.) and the 
combined supernatant liquid and washings were concentrated to small bulk in vacuo at 20°. 
The product (0-47 g.) was precipitated by ether (ca. 30 c.c.), collected, washed once with ether 
containing a little ethanol (9: 1), and dried in a desiccator; it was free from nucleotide but in 
addition to the ammonium salt of the cyclic phosphate it contained another substance (in 
amount 10—20°%) which on paper chromatography travelled faster than the latter in the iso- 
propyl alcohol-ammonia—water system. Attempts to remove this impurity by fractional 
precipitation as either the ammonium or the barium salt or by adsorption on charcoal were un- 
successful and recourse was had to chromatography ona cellulose column. The column (29-5 x 
5-5 cm.) was packed with cellulose powder (90 mesh Whatman; 220 g.) by allowing the latter 
to settle from acetone suspension, washed with a solution of 8-hydroxyquinoline (1 mg./g. of 
cellulose) in acetone, then with acetone followed by isopropyl alcohol, and finally the solvent 
system used for chromatography, v?z., isopropyl alcohol—water—ammonia (d 0-880) (80:18: 2). The 
crude ammonium salt (0-36 g.) was dissolved in a small amount of solvent mixture to which more 
water had been added and put on the column, and the chromatogram was developed (8 hours) 
with the above solvent system. The first 500 c.c. of eluate passing through the column were 
discarded, the next 150 c.c. collected in 3 x 50-c.c. fractions, and subsequently 50 fractions of 
20 c.c. each were collected. The contents of each fraction were ascertained by chromatography 
on paper strips. The peak of elution of the secondary component (for isolation see below) 
occurred in nos. 12—15 of the 20-c.c. fractions and of the cyclic phosphate in fraction 45. There 
was thus good separation, with negligible overlap. 

Fractions 28—50 (of the 20-c.c. fractions) were combined and evaporated as above and the 
residue was converted into a white powder (0-22 g.) by trituration with acetone. It was purified 
by dissolution in methanol and reprecipitation with ether; the final product was extremely 
hygroscopic and perhaps for this reason gave unsatisfactory analytical values for the ammonium 
salt of cytidine-2’ : 3’ phosphate (Found, in material dried at room temperature/0-1 mm. over 
phosphoric oxide for 16 hours: C, 34-9; H, 5-7; N, 15-1. Calc. for C,H,,O,N,P: C, 33-5; 
H, 4-7; N, 17-4%). 

The above ammonium salt (0-1 g.) in ice-cold solution was treated with a slight excess of 
0-1N-barium hydroxide. The excess of barium ions was removed with carbon dioxide, and the 
filtered solution concentrated to small bulk under reduced pressure, again filtered, and evapor- 
ated to dryness. The residual glass was redissolved in a little water, filtered, and concentrated, 
and excess of methanol added. Barium cytidine-2’ : 3’ phosphate separated as a white amor- 
phous powder (35 mg.) which was chromatographically homogeneous {Found, in material dried 
for 24 hours at 110°/0-1 mm. over phosphoric oxide: C, 29-5; H, 3-4; N, 11-4; P, 8-6. 
(Cg,H,,0,N,P),Ba requires C, 29-0; H, 3-0; N, 11-3; P, 8-3%]. Light absorption in water : 
Max. at 268 and 232 mu (ce, 8400, 8150); min. at 250 and 223 my (ce, 6900, 7750 for M = 373). 

Uridine-2’ ; 3’ Phosphate.—Trifluoroacetic anhydride (6 c.c., 14 mols.) was added to anhydrous 
yeast uridylic acid (1 g., 1 mol.). The mixture became warm and the acid dissolved completely 
within 15 minutes. The flask was stoppered and set aside at room temperature overnight. 
The solution was then evaporated under reduced pressure and the residual gum triturated with 
dry ether (30 c.c.). The resulting white powder was collected by centrifugation, dried under 
vacuum, and then added rapidly, with stirring, to ice-cold saturated ethanolic ammonia (35 c.c.). 
After 30 minutes at 0° the solid, which consisted of unchanged starting material together with 
some cyclic phosphate, was collected in a centrifuge and washed with ice-cold ethanolic ammonia 
(10 c.c.), The combined supernatant solution and washings were evaporated under reduced 
pressure, the residue was dissolved in methanol (2 c.c.), and the product (0-61 g.) precipitated 
with ether. It was collected by centrifugation, washed with ether containing a little ethanol 
(9:1; 10c.c.), and dried in vacuo. 

This product, on chromatographic evidence, was free from unchanged nucleotide but contained, 
in addition to cyclic phosphate, a by-product (10—15%). It (0-4 g.) was therefore chromato- 
graphed on a column (5-5-cm. diameter) of powdered cellulose (240 g.) prepared as described for 
the cytidine derivatives above. The first 500 c.c. of eluate were discarded and the remainder 
was collected in 90 fractions of approx. 20 c.c. each. Paper chromatography showed that 
practically all the by-product was in fractions 14—34 (peak at 30) (see below) and the cyclic 
phosphate in fractions 44—85 (peak at 65). 

Fractions 44—85 were combined and evaporated under reduced pressure and the residue 
converted into a white powder by trituration with acetone. This was purified by dissolving it 
in methanol and precipitating it with ether. Ammonium uridine-2’ : 3’ phosphate separated as 
a very hygroscopic white powder (0-25 g.) which was chromatographically homogeneous (Found, 
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in material dried at room temp./15 mm. over phosphoric oxide: C, 33-6; H, 4:3; N, 12-1; 
P, 8-7. CyH,,O,N,P requires C, 33-4; H, 4-4; N, 13-0; P, 9-6%). 

The above ammonium sait (0-1 g.) was dissolved in water and the calculated volume of 
barium hydroxide solution (0-1N) added rapidly to the ice-cooled solution. After neutralisation 
by passage of carbon dioxide the solution was concentrated, filtered, and further concentrated, 
and barium uridine-2’ : 3’ phosphate (0-045 g.) was precipitated by addition of methanol. It was 
chromatographically homogeneous. A further quantity of the product (0-045 g.) was obtained 
by concentration of the mother-liquors [Found, in material dried at 110°/0-1 mm. for 24 hours 
over phosphoric oxide: C, 29-4; H, 3-0; N, 7-8; P, 8-0. (C,H ,O,N,P),Ba requires C, 28-9; 
H, 2:7; N, 7-5; P, 83%]. Light absorption in water: Amax, 258—259mu; Amin, 228—229 mu 
(c, 9570, 2290, for M = 374). 

Isolation and Nature of the By-products.—(a) In the preparation of cytidine-2’ : 3’ phosphate. 
The by-product was isolated by combining the three 50-c.c. fractions and Nos. 1—-15 of the 
20-c.c. fractions (obtained above) and evaporating them at 30° under reduced pressure. The 
residual gum crumbled to a white hygroscopic powder (0-066 g.) when triturated with acetone. 
This product was dissolved in a mixture of ethanol and methanol (it is much more soluble in 
the latter) and reprecipitated with ether and finally washed with acetone. The white amor- 
phous solid so obtained was very hygroscopic (Found, in material dried at room temperature /15 
mm. for 48 hours over phosphoric oxide: P, 7-7%). Light absorption in water: 2,,,,, 270 mu; 
Amin, 249 my (E}%,, 226, 164 respectively). The molecular weight = 372 calculated on light ab- 
sorption data on the assumption of one absorbing unit/mole and ¢,,,,, 8400 for barium cytidine- 
2’: 3’ phosphate. The substance is considered to be ammonium cytidine ethyl phosphate, 
probably a mixture of the a and the 6 isomer (Calc. for C,;,H,,O,N,P: P, 8-4%, M; 368). 

Cytidylic acid was treated with trifluoroacetic anhydride and the product added to solutions 
of triethylamine and cyclohexylamine in ethanol instead of to ethanolic ammonia as described 
above. In both cases paper chromatography showed that cytidine-2’ : 3’ phosphate was pro- 
duced together with the same by-product as before. Thus the nature of the base did not alter 
the constitution of either of the reaction products. 

(b) In the preparation of uridine-2’ : 3’ phosphate. The by-product was isolated as its am- 
monium salt by evaporation of the combined fractions 14—34 (above) at 30° under reduced 
pressure. The residual glass, when triturated with acetone, formed an amorphous powder 
which was dissolved in a little methanol and reprecipitated with acetone-ether. The cream- 
coloured powder (0-054 g.) was hygroscopic and ran as a single spot in the isopropyl alcohol— 
ammonia system (Found, in material dried at 110°/0-1 mm. for 24 hours over phosphoric oxide : 
N, 10-1; P, 7-3%). Absorption of light in water: Amaxy, 260 MU; Apin, 230 my (E}%,, 248, 55 
respectively). The molecular weight = 386 calculated on light-absorption data with the assump- 
tions of one absorbing unit/mole and ¢,,,,. 9570 for barium uridine-2’ : 3’ phosphate. The sub- 
stance is considered to be ammonium uridine ethyl phosphate, probably a mixture of the a and 
the b isomer, on this and other evidence given below (Calc. for C,,H,sO,N,P: N, 11-4; P, 8-4%. 
M, 369). 

After a solution of uridylic acid in ethanol containing a little hydrogen chloride had been kept 
for 48 hours it was found that there was present, in addition to unchanged nucleotide, a small 
amount of material having the same characteristics on chromatograms as the above by-product, 
thus affording evidence for its formulation as an ethy] ester. 

When, in a small-scale preparation of uridine-2’ : 3’ phosphate as above, a solution of am- 
monia in benzyl alcohol instead of in ethanol was used, and the product analysed on paper 
chromatograms, no product was found corresponding to the ethyl ester; instead a small amount 
of substance was observed having a higher Ry value, corresponding exactly to that of uridine 
benzyl phosphate, prepared by the action of phenyldiazomethane on uridylic acid (unpublished 
work). 

Action of Acid and Alkali on the Nucleoside-2’ : 3’ Phosphates.—Adenosine-2’ : 3’ phosphate 
was completely hydrolysed when dissolved in 0-1N-hydrochloric acid at 18° for 1 hour or at 100° 
for 15 minutes and in 0-5N-sodium hydroxide solution for 12 hours at 37°. The products in each 
case were adenylic acids a and b, identified by chromatography in the isopropyl alcohol-ammonia 
and sodium phosphate—isoamy] alcohol solvent systems. 

Cytidine- and uridine-2’ ;: 3’ phosphate were completely hydrolysed to the corresponding 
nucleotides by 0-1N-hydrochloric acid for 1 hour at 18° or 15 minutes at 100° and by 0-5n- 
sodium hydroxide solution for 12 hours at 37°. These compounds were stable over the pH 
range 4—9 in phosphate-citric acid buffers at room temperature for at least 18 hours. At 
pH 2 hydrolysis proceeded to the extent of 5—10%,. 
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The two ethyl esters, described above, were hydrolysed to the corresponding nucleotide but 
under somewhat more vigorousconditions than the cyclic phosphates. With 0-1N-hydrochloric acid 
at 100° for 15 minutes the materials were hydrolysed to the extent of about 70%, but unaffected 
at 16° for 12 hours. 0-5N-Sodium hydroxide solution caused about 80% hydrolysis after 12 
hours at 16° and about 90% after 5 minutes at 100°. They were stable to concentrated ethanolic 
ammonia at 0° for 30 minutes. 

Electrometric Titrations.—The general procedure employed was to titrate the barium or 
ammonium salt up to pH 11-5 with 0-1N-sodium hydroxide and back-titrate with 0-1N-hydro- 
chloric acid to pH 2-5. One c.c. of a solution, containing approx. 0-62 mg. P (#.e., 0-01M for the 
barium salts), was used in each case. A Cambridge pH meter in combination with a glass 
electrode was used for the pH determinations. The titration curves of the barium nucleoside- 
2’ : 3’ phosphates are given in the Figure. It is clear that no group is present titrating in the 
pH range 5—8, characteristic of the secondary phosphoryl dissociation (pK 5-9; Levene and 
Simms, J. Biol Chem., 1925, 65, 519). The amino- and hydroxyl groups in the respective com- 
pounds titrated normally. 

The titration curves of the two ethyl esters (above), which are not included in the Figure, 
showed that they behaved as the ammonium salts of strong monobasic acids. No secondary 
phosphoryl dissociation was observed. The amino-function in the cytidine derivative and the 
hydroxyl group in the uridine derivative titrated normally, indicating that the pyrimidine 
moiety in these compounds was unaltered. Results relative to, and in accord with the titration 
data, were obtained by submitting cytidine-2’ : 3’ phosphate and cytidine ethyl phosphate to 
electrophoresis on paper strips (Markham and Smith, Joc. cit.). Both compounds migrated 
as negative ions (7.e., to the positive pole) in buffers in the pH range 3-5—7 and in 1M-ammonia, 
but at a slower rate than cytidylic acid, consistently with their formulation as monobasic acids. 

Paper Chromatography of the Nucleotide Derivatives—Paper chromatography was used 
throughout the investigation for routine analysis of reaction products. The solvent found most 
useful was the isopropyl alcohol-ammonia—water system of Markham and Smith (Nature, 1951, 
168, 406), slightly modified in composition (70: 5:25 v/v). Typical R, values are given in the 
Table for upward-run chromatograms after equilibration, together with those of the substances 
run in 5% disodium hydrogen phosphate-—isoamy] alcohol (Carter, J. Amer. Chem. Soc., 1950, 72, 
1466). Standard substances were always used simultaneously for identification purposes. 
Spots were detected by photographing the chromatograms in ultra-violet light, or, in some cases, 
by use of a phosphate spray reagent. 


Ry value Ry value 
isoPropyl- Sodium isoPropyl- Sodium 
alcohol—- phosphate— alcohol— phosphate— 
ammonia— isoamyl ammonia— isoamyl 
Substance water alcohol Substance water alcohol 
Adenylic acid a 0-12 0-71 Guanosine-2’: 3’ phosphate 0-23 0-67 
Adenylic acid 6 0-12 0-63 Uridine-2’ : 3’ phosphate... 0-30 0-82 
Guanylic acid 0-03 0-74 Cytidine-2’ : 3’ phosphate 0-36 0-81 
Uridylic acid 0-09 0-85 Uridine ethyl phosphate ... 0-43 0-86 
Cytidylic acid 0-10 0-85 Cytidine ethyl phosphate... 0-48 0-84 
Adenosine-2’ : 3’ phosphate 0-43 0-57 


[Added in proof, 28.5.52]: Barium guanosine-2’ : 3’ phosphate has now been isolated in sub- 
stance and its properties studied. It was obtained by a method completely analogous to that 
used in the preparation of the other nucleoside-2’ : 3’ phosphates and was purified by reprecipit- 
ation by acetone from aqueous solution [Found, in material dried at 110°/0-1 mm. over phos- 
phoric oxide: C, 28-9; H, 3-4; N, 17-3; P, 7-2. (C,9H,,O,N,P),Ba requires C, 29-1; H, 2-7; 
N, 17-0; P, 7-5%]. Light absorption in water: Amax. 251—253 muy (e 12,150 for M = 413). 
Electrometric titration demonstrated the absence of secondary phosphoryl dissociation. The 
substance behaved towards acid and alkali in the same way as the other nucleoside-2’ : 3’ 
phosphates. 


We are grateful to the Rockefeller Foundation and to Roche Products Limited for grants 
and gifts of material. 
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512. Nucleotides. Part XIII.* The Action of Ribonuclease on 
the 2' : 3'-Phosphates of Uridine and Cytidine. 
By D. M. Brown, C. A. DEKKER, and A. R. Topp. 


Ribonuclease is shown to convert cytidine-2’ : 3’ phosphate into cytidylic 
acid b, and uridine-2’ : 3’ phosphate into uridylic acid b; it has no action on 
adenosine-2’ : 3’ phosphate. Alkaline deamination of cytidylic acid 6 yields 
uridylic acid b, indicating that the phosphoryl group in these two compounds 
occupies the same position in the ribofuranose residue. Some features in the 
chemistry of the ribonucleic acids are discussed in the light of these observ- 
ations. 


In the structural study of the macromolecular nucleic acids it is evident that enzymic 
degradation must play an important part. This is especially true of the ribonucleic acids 
since chemical hydrolysis degrades them directly to mononucleotides without yielding the 
larger fragments (oligonucleotides) containing more than one nucleotide unit which are 
essential to a study of the sequence of nucleotide residues and the intimate detail of the 
internucleotidic linkage. The crystalline enzyme ribonuclease (Kunitz, J. Gen. Physiol., 
1940, 24, 15) is a valuable tool in this respect since it is known to act on ribonucleic acids, 
yielding products of widely varying molecular weight, and further information on its 
specificity would be of considerable value. The present experiments were designed to 
correlate and clarify two apparently related observations on its action. Cohn and Volkin 
(Nature, 1951, 167, 483) digested calf-liver ribonucleic acid, first, with ribonuclease and then 
with a phosphatase preparation from intestinal mucosa, arsenate being added to inhibit 
phosphomonoesterase activity (cf. Klein, Z. physiol. Chem., 1933, 218, 164); they found 
that, in addition to the 5’-mononucleotides and some unidentified materials, the digest 
contained substantial amounts of cytidylic acid 6 and uridylic acid 6. The last two acids 
apparently arose directly from the initial action of the ribonuclease and remained unaffected 
by the intestinal phosphatase (Cohn, Oak Ridge Symp. Nucleic Acids, J. Cell. Comp. 
Physiol., 1951, Suppl. 1, 38, 21). Other workers, too, had reported the formation of large 
amounts of pyrimidine mononucleotides in ribonuclease digests without concomitant 
production of purine mononucleotides (Carter and Cohn, J. Amer. Chem. Soc., 1950, 72, 
2604; Magasanik and Chargaff, Biochim. Biophys. Acta, 1951, 7, 396; Schmidt, Cubiles, 
and Thannhauser, Oak Ridge Symp. Nucleic Acids, J. Cell. Comp. Physiol., 1951, Suppl. 
1, 38, 61). Markham and Smith (Research, 1951, 4, 344) observed that, with several ribo- 
nucleic acids, a short period of digestion with ribonuclease gave, together with other pro- 
ducts, two substances which could be further degraded by the slow action of ribonuclease 
or by chemical hydrolysis and yielded in this way uridylic and cytidylic acids respectively. 
These initial products of ribonuclease digestion we were able to identify as the cyclic 2’ : 3’- 
phosphates of uridine (III) and cytidine (I) by direct comparison with synthetic specimens 
of these acids (Brown and Todd, J., 1952, 52; Brown, Magrath, and Todd, preceding 
paper; see also Markham and Smith, Nature, 1951, 168, 406). The production of such 
cyclic phosphates as intermediates in the hydrolytic breakdown of ribonucleic acids is in 
accord with the mechanism of hydrolysis already advanced (Brown and Todd, Joc. cit.) 
and it seemed to us that the production of only uridylic acid 6 and cytidylic acid 6 without 
the corresponding a isomers in the above-mentioned experiments of Cohn and Volkin might 
indicate that ribonuclease brought about a unidirectional cleavage of the cyclic phosphoryl 
groupings present in the initially liberated uridine- and cytidine-2’ : 3’ phosphates. 
Synthetic cytidine-2’ : 3’ phosphate (I) (Brown, Magrath, and Todd, loc. cit.) was allowed 
to stand in solution with crystalline ribonuclease at pH 7-5 and 37° overnight. Paper- 
chromatography of the solution after this time showed that complete conversion into 
cytidylic acid had occurred, no cyclic phosphate being present; in a control experiment 
under the same conditions but without addition of ribonuclease the cyclic phosphate was 


* Part XII, preceding paper. 
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unchanged. Since we have found no solvent system which will separate the a and b isomers 
of the pyrimidine nucleotides satisfactorily on paper chromatograms, we examined the 
solution obtained by ribonuclease action by means of ion-exchange columns (Dowex-2 
resin) (see, inter al., Cohn, loc. cit.). In this way it was established that the solution con- 
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Cytidylic acids a and b (la); uridylic acids a and b (1b); cytidine-2’ : 3’ phosphate (2a); uridine-2’ : 3’ 
phosphate (2b); product of action of ribonuclease on cytidine-2’ : 3’-phosphate (3a) and on uridine- 
2’: 3’ phosphate (3b); products from alkaline deamination of cytidylic acid 6 (4); adenosine-5’ 
phosphate, and adenylic acids a and b, in that order (5); adenosine-2’ : 3’ phosphate (6). 

The ordinates of (2b) and the cytidylic acid fraction in (4) are drawn, for convenience, to half-scale. 
Figures relative to the peaks represent, in all cases, the ratios of optical densities at 280 and 260 mu. 


tained only one substance which in its position on the ion-exchange analysis diagram 
(see Fig. 3a) corresponded to cytidylic acid 6. Moreover the characteristic ratio of the 
optical densities of this substance at 280 and 260 my (cf. Cohn, J. Amer. Chem. Soc., 1950, 
72, 2811) was identical with that of cytidylic acid b but differed markedly from that of the 
aisomer. It will be noticed from the analysis diagram (Figure) that the cyclic cytidine- 
2’ : 3’ phosphate appeared on ion-exchange chromatography in the same position as cytid- 
ylic acid 6. It had, however, a distinctly different optical-density ratio and it passed 
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through the column without decomposition. There can therefore be no doubt that when 
ribonuclease acts on cytidine-2’ : 3’ phosphate it yields exclusively cytidylic acid 6. Ina 
similar series of experiments the ribonuclease hydrolysis of the cyclic uridine-2’ : 3’ phos- 
phate (III) was found to yield exclusively uridylic acid 6, as shown by its position on ion- 
exchange analysis diagrams and its optical-density ratio. 

In distinction from the cyclic phosphates of the pyrimidine nucleosides, synthetic adenos- 
ine-2’ : 3’ phosphate is unaffected by ribonuclease treatment; this observation, already 
made by Markham and Smith (Nature, 1951, 168, 406), we confirm. It accords well with 
the absence of purine nucleotides in the mononucleotide fraction of ribonuclease digests 
of ribonucleic acids discussed above, and the very small amounts of them (from end groups ?) 
found by Markham and Smith (Nature, 151, 168, 406). It should be noted, however, that 
Loring and Carpenter (J. Biol. Chem., 1943, 150, 381) isolated both pyiimidine and purine 
mononucleotides from ribonuclease digests. The presence of traces of other related enzymes 
in some samples of ribonuclease might perhaps account for this apparent contradiction. 
Hirs, Stein, and Moore (J. Amer. Chem. Soc., 1951, 73, 1893) separated two components 
from a sample of crystalline ribonuclease, both of which had enzymic activity, and Schmidt, 
Cubiles, and Thannhauser (/oc. cit.) have also commented on possible variations in materials 
with ribonuclease activity. 

In an earlier paper (Part IX; Brown and Todd, /J., 1952, 44) the nature of the isomeric 
a and 6 nucleotides isolated from alkaline hydrolysates of ribonucleic acids has been dis- 
cussed and both adenylic acid a and adenylic acid 6 were synthesised by phosphorylating 
5’-trityl adenosine and then removing protecting groups. The evidence is overwhelmingly 
in favour of the view that the isomerism is positional, 7.e., that the a and the 6 acids are 2’- 
and 3’-phosphates of their various nucleosides but which of them is the 2’- and which the 
3’-phosphate has in no case been established, nor is there any definite evidence to show 
whether the location of the phosphoryl group in the four a nucleotides is the same, 1.¢., 
whether the group in adenylic acid a occupies the same position as it does in, say, uridylic 
acid a. From the standpoint of the work described in the present communication it is 
clearly necessary to know whether the phosphoryl group in uridylic acid b occupies the 
same position in the ribofuranose residue as that in cytidylic acid 6. From the results of 
our ribonuclease experiments it was to be expected that this would be the case. Loring 
and Luthy (J. Amer. Chem. Soc., 1951, 73, 4215) deaminated the cytidylic acid of [«], +49° 
(the 6 isomer) and obtained an uridylic acid in good yield, isolated as its highly insoluble 
brucine salt, which had [«], —58-9°, characteristic of the dibrucine salt of the uridylic acid 
usually isolated from nucleic acid hydrolysates (uridylic acid b; Cohn, J. Cell. Comp. 
Physiol., 1951, Suppl. 1, 38, 21). However since acidic conditions are known to lead to 
isomerisation of the yeast pyrimidine nucleotides (Cohn, Joc. cit.) and since the deamin- 
ation was carried out in acetic acid solution, we have sought to obviate this possibility by 
deamination under conditions which preclude isomerisation, and thus establish unequi- 
vocally the relation between the cytidylic and uridylic acids. Marrian, Spicer, Balis, and 
Brown (J. Biol. Chem., 1951, 189, 533) showed that sodium hydroxide slowly deaminates 
cytidylic acid, and, since we had found that adenylic aids a and b and hence by analogy the 
other a and 6 nucleotides were stable without undergoing interconversion in presence of 
alkali, this reaction seemed well suited to our purpose. Treatment of cytidylic acid b with 
n-sodium hydroxide for 40 hours at 37° caused considerable deamination (ca. 25°) and gave, 
in addition to unchanged cytidylic acid, uridylic acid and some nucleosidic material. Ion- 
exchange analysis showed that the nucleotidic material contained only cytidylic acid } 
and uridylic acid 6; no trace of either a isomer could be detected (see Fig. 4). It follows 
that, not only are the pyrimidine nucleotides stable in alkali like the adenine nucleotides, 
but that the phosphoryl groups in the 6 isomers of uridylic and cytidylic acids occupy the 
same position in the sugar residues. If, for the purposes of formulation, we make the 
arbitary assumption that the phosphate residue in the pyrimidine } nucleotides (II and IV) 
occupies the 3’- rather than the 2’-position, then the reactions described can be formulated 
as in the accompanying scheme. Uridylic acid a and cytidylic acid a would then be the 
2’-phosphates (V; R = uracil or cytosine residue). The assignment of the actual posi- 
tion of the phosphoryl group in each case is the object of other work at present in progress. 
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The fact that ribonuclease reacts with the cyclic phosphates of the pyrimidine nucleo- 
sides and not with the corresponding purine derivatives is of interest in connexion with the 
specificity of ribonuclease toward the pyrimidine nucleotide residues in ribonucleic acid 
which has been postulated by other workers. Relevant to this is the evidence of Schmidt, 
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Cubiles, and Thannhauser (/oc. cit.; see also Schmidt et al., J. Biol. Chem., 1951, 192, 633) 
that the oligonucleotides (‘‘ limit polynucleotides ’’) produced by ribonuclease action carry 
a terminal pyrimidine nucleotide residue. Markham and Smith’s observations (Nature, 
1951, 168, 406), as they have pointed out, are consistent with the hypothesis (Part X ; 
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Brown and Todd, loc. cit.) that the oligonucleotides as initially formed carry a cyclic phos- 
phoryl group on the terminal pyrimidine nucleoside residue (VI; R = remainder of oligo- 
nucleotide) which is then opened to yield the true oligonucleotide (VII; R = remainder 
of oligonucleotide). This opening of the cyclic phosphoryl group by ribonuclease is strictly 
analogous to the opening in the simple nucleoside-2’ : 3’ phosphates and should yield a 
terminal } nucleotide. 

In agreement with this view it has been observed that treatment of ribonucleic acid 
with ribonuclease followed by alkali yields only the } isomers of the pyrimidine nucleotides 
together with the a and } isomers of the purine nucleotides (Cohn, private communication). 
These considerations and results can be accommodated on the basis of the ribonucleic acid 
structures and the mechanism of their hydrolytic breakdown proposed in Part X of this 
series (Joc. cit.). It may be observed that the liberation of pyrimidine mononucleotides (via 
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their cyclic derivatives) by the action of ribonuclease on ribonucleic acid does not of itself 
indicate a specificity of the enzyme for pyrimidine nucleotide linkages; it would if the poly- 
nucleotide chain were unbranched, but not if the chain were branched. The types of 
branching which could be expected have been discussed in Part X (loc. cit.), but in the 
absence of further degradative evidence the degree to which it may occur in ribonucleic 
acids cannot be assessed. In the work reported in this paper we have examined only the 
secondary action of ribonuclease, i.e., its action on the cyclic phosphory! groups of nucleos- 
ide-2’ : 3’ phosphates. Since these cyclic phosphates appear to be the primary products 
of the action of the enzyme it is clear that a decision between Cig, and Cig, as one of the 
points of attachment of the internucleotidic link (the other being C;,,) in the main poly- 
nucleotide chain is unlikely to be reached by mere examination of ribonuclease digests. 
We are, however, studying the chemical and enzymic hydrolysis of simpler esters of the 
isomeric pairs of uridylic and cytidylic acids whose structure can be closely defined and will 
report our findings later. 

An observation of some interest in connexion with the action of enzymes on nucleoside- 
2’ : 3’ phosphates was made incidentally to the main investigation. A solution of phos- 
phatase prepared from a glycerol extract of intestinal mucosa (Klein, loc. cit.) had no effect 
on cytidine-2’ : 3’ phosphate at pH 8 during 20 hours; under the same conditions a prepar- 
ation of yeast cytidylic acid (containing both the a and the b isomer) was completely con- 
verted into cytidine, identified by paper chromatography. The enzyme preparation 
employed had strong phosphodiesterase activity since it was in use currently in the labor- 
atory for nucleoside preparation from deoxyribonucleic acids. 


EXPERIMENTAL 


Paper-chromatography of Uridine and Cytidine Derivatives.—For the paper-chromatography 
of the compounds discussed in this paper several solvent systems were used,.generally in ascend- 
ing chromatograms (Whatman No. 1 paper). isoPropyl alcohol-ammonia—water (70: 5: 25 
v/v) gave good separation of the nucleoside-2’ : 3’ phosphates from the corresponding nucleo- 
tides (for Ry values see Part XII, preceding paper). The system »-propanol—2n-hydrochloric 
acid (65: 35 v/v) (cf. Wyatt, Biochem. J., 1951, 48, 584) was used for analysis of mixtures of 
cytidine, uridine, cytidylic acid, and uridylic acid. For the separation of cytidine (Ry, 0-3) 
from cytidylic acid and cytidine-2’ : 3’ phosphate, 90% acetone proved a convenient solvent 
since the phosphates did not move from the origin. None of the systems used gave any separation 
of uridylic acids a and b or of cytidylic acids a and b from each other. 

Anion-exchange Analyses.—A column (10 x 1 cm.) of Dowex-2 resin (200—400 mesh) in the 
formate form was used with a flow-rate of approx. 0-3—0-4 c.c./min. The same column was 
used throughout the investigation without any apparent change in its absorption characteristics ; 
the resin was occasionally re-suspended when the flow-rate became too slow. Fractions were 
collected by means of an automatic fraction collector (syphon type, giving fractions of ca. 
11-5 c.c.) and their optical densities at 260 and 280 my were determined with a Beckman ultra- 
violet spectrograph. For the elution of the cytidine derivatives 0-02N-formic acid was used, 
while for uridine derivatives we used a solution of 0-01N-formic acid which was 0-05m with re- 
spect to sodium formate (Cohn and Volkin, Joc. cit.). Collection of fractions was started as soon 
as the eluting solvent was put on the column. The elution diagrams are shown in the Figure ; 
the products were identified by the number of fractions to the peak of the diagram together with 
their optical density ratios (280 my/260 my) over the peak. A correction was applied in some 
instances in calculation of the optical density ratio to compensate for any constant background 
absorption; where significant, this absorption, which in no case exceeded 0-015 unit, was sub- 
tracted from the optical-density readings at the peak before calculation of the ratio. 

Action of Ribonuclease on Nucleoside-2’: 3’ Phosphates.—(a) Cytidine-2’: 3’ phosphate. 
Ammonium cytidine-2’ : 3’ phosphate (19-1 mg.) was dissolved in water (1-0 c.c.), and the 
solution adjusted to pH 7-5 by very dilute ammonia solution. To 0-2 c.c. of this solution was added a 
solution (0-1 c.c.) of crystalline ribonuclease (0-5 mg./c.c.) and water (0-2 c.c.). The solution 
was incubated at 37° for 20 hours, as was another aliquot (0-2 c.c.) of substrate diluted to 0-5 
c.c. with water, but without enzyme. Both solutions were protected from bacterial contamin- 
ation by addition of one drop of toluene. Paper-chromatographic examination of the solutions 
after incubation, with the isopropyl alcohol-ammonia system, showed that complete conversion 
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of the cyclic phosphate into nucleotide had been effected by the enzyme; the solution without 
enzyme was unchanged. The enzyme hydrolysate was adjusted to pH 7-5, run on to the ion- 
exchange column, and washed in with two portions (2 c.c.) of water. This procedure was used 
in all subsequent experiments, except where otherwise stated. Elution was then commenced 
with 0-02N-formic acid. The result is shown in the Fig. (3a): only one peak was observed, 
corresponding to that of cytidylic acid 6 (Fig. la) in position and in the optical-density ratio 
(2-03) of the peak fractions. 

The elution diagram of cytidine-2’ : 3’ phosphate (Fig. 2a) showed that this substance occu- 
pied the same position as cytidylic acid b, but it had a different optical ratio. The peak fractions 
were neutralised with ammonia and reduced to small bulk under a vacuum; paper chromato- 
graphy, with the zsopropyl alcohol-ammonia system, showed that only the cyclic phosphate was 
present in the eluate. 

(b) Uvidine-2’ : 3’ Phosphate.—This experiment was performed in the same way as that with 
cytidine-2’ ; 3’ phosphate, except that the pH was adjusted to 8 and 0-05 c.c. of enzyme solution 
was used for 2-5 mg. of substrate. Solutions were incubated for 14 hours at 37°. The control 
solution was unaffected under these conditions. The ion-exchange characteristics of uridylic 
acids a and b (Fig. 1b) and uridine-2’ : 3’ phosphate (Fig. 2b) were compared with that of the 
enzymic hydrolysis product. The latter was found to give only one peak (Fig. 3b), correspond- 
ing to that of uridylic acid b, both in the position of the peak and in the optical-density ratio 
(0-33) of the peak fractions. 

(c) Adenosine-2’ : 3’ Phosphate—Ammonium adenosine-2’ : 3’ phosphate (1-6 mg.) in water 
(0-2 c.c.) was treated with crystalline ribonuclease (0-06 mg.) at pH 8 for 16 hours at 37°. Paper 
chromatography in the isopropyl alcohol-ammonia solvent showed that no appreciable reaction 
had occurred. Under identical conditions ammonium uridine-2’ : 3’ phosphate (1-6 mg.) was 
completely converted into uridylic acid b. 

For completion, the ion-exchange characteristics of adenosine-2’ : 3’ phosphate (Fig. 6) were 
compared by Mr. D. Magrath with those of adenosine-5’ phosphate and adenylic acids a and b 
(Fig. 5), 0-1N-formic acid being used as eluant. The cyclic phosphate occupied the same position 
as adenylic acid b. It was shown to be unaltered by passage through the column, since neutral- 
isation of the peak fractions, evaporation of these to small bulk under a vacuum and paper- 
chromatography of the residue revealed only the cyclic phosphate. The optical-density ratios 
(280 my./260 mu) of all these adenine derivatives are ca. 0-19. 

Deamination of Cytidylic Acid b.—In initial experiments cytidylic acid (5 mg.) was heated at 
100° for 2 hours in saturated barium hydroxide solution (0-2 c.c.). It appeared, from chromato- 
grams, that the substance was largely converted into uridine and so the reaction was not 
further studied (cf. Marrian, Spicer, Balis, and Brown, loc. cit.). Cytidylic acid was not appre- 
ciably affected by heating with 0-1N-sodium hydroxide at 37° for 36 hours. With N-sodium 
hydroxide partial conversion into uridylic acid was observed. 

Yeast cytidylic acid (300 mg.) was heated under reflux with 0-1N-hydrochloric acid for 15 
minutes, to convert it into a mixture of the a and the b acid. lon-exchange chromatography 
(Cohn, Joc. cit.) permitted separation into the crystalline isomers, cytidylic acid a (103 mg.) and 
b (81 mg.). 

Pure cytidylic acid b (6-1 mg.) was dissolved in sodium hydroxide solution (0-5 c.c. of N) 
and heated at 37° for 40 hours. The solution was then diluted, brought to pH 8 and a final 
volume of 50 c.c., and run on to the ion-exchange column. After washing with water (50 c.c.) 
elution was begun with 0-2N-formic acid. Thirty fractions were taken to ensure complete elution 
of unchanged cytidylic acid and then the solvent was changed to the sodium formate—formic 
acid buffer to elute the uridylic acid. Only two peaks were observed (see Figure) corresponding to 
cytidylic acid b and uridylic acid 6 (25% of total nucleotide) in position and in optical-density 
ratios (2-04 and 0-32 respectively) over the peaks. 

Action of Intestinal Mucosa Phosphatase on Cytidine-2’ : 3’ Phosphate.—The solution of am- 
monium cytidine-2’ ; 3’ phosphate used in the above experiments with ribonuclease (0-1 c.c.) 
was treated with a solution of intestinal phosphatase, prepared by Klein’s method (loc. cit.), in 
presence of magnesium sulphate. Incubation at pH 8 for 20 hours at 37° left the compound 
unaffected, as evinced by paper chromatography of the solution before and after incubation, in 
both the isopropyl alcohol-ammonia and the 90° acetone system. Under the same conditions 
yeast cytidylic acid (1-6 mg.) was converted completely into cytidine. 

[Added in proof, 28.5.52) : Guanosine-2’ : 3’ phosphate, like adenosine-2’ : 3’ phosphate, is not 
affected by ribonuclease under the conditions used above. It is eluted from a Dowex-2 resin 
column (12 x 1 cm.) by 0-1M-sodium formate—0-1N-formic acid buffer at a slightly slower rate 
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than guanylic acid b (nos. of fractions to peaks: guanylic acid a, 63; guanylic acid b, 99; 
guanosine-2’ : 3’ phosphate, 109). 


One of us (D. M. B.) participated in this work during a period of leave of absence from the 
Chester Beatty Research Institute, London. Thanks are offered to the American Cancer Society 
for a Fellowship (to C. A. D.) and to Drs. R. Markham and J. D. Smith for a gift of crystalline 
ribonuclease and for helpful discussions. 
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513. Nucleotides. Part XIV.* A Method Suitable for the Large-scale 
Preparation of Deoxyribonucleosides from Deoxyribonucleic Acids. 


By W. ANDERSEN, C. A. DEKKER, and A. R. Topp. 


The deoxyribosides of guanine, adenine, cytosine, thymine, and uracil 
have been isolated from an enzymic digest of commercial herring-sperm deoxy- 
ribonucleic acid. lon-exchange chromatography has been employed in the 
separation procedure which is suitable for the preparation of these deoxy- 
ribonucleosides on the large scale. 


WorK in progress in this laboratory on the synthesis of nucleotides, which forms the 
subject of this series of papers, requires for its prosecution substantial quantities of ribo- 
nucleosides and deoxyribonucleosides. Whereas well-defined and successful methods are 
available for the isolation of the former, we found that even recently published methods 
for the preparation of the latter (Schindler, Helv. Chim. Acta, 1949, 32, 979; Reichard and 
Estborn, Acta Chem. Scand., 1950, 4, 1047) were generally unsatisfactory when applied on 
the large scale. Moreover the authors of these methods omitted to inhibit adenine deoxy- 
riboside deaminase by adding silver salts (Klein, Z. physiol. Chem., 1934, 224, 244; tbid., 
1938, 255, 82) and so isolated hypoxanthine deoxyriboside instead of the adenine derivative 
which was important to us. The present paper describes a new procedure which we have 
found satisfactory for relatively large-scale preparation of deoxyribonucleosides from 
herring-sperm deoxyribonucleic acid. 

The stability of the phosphodiester linkage in deoxyribonucleic acids (cf. Brown and 
Todd, J., 1952, 52) and the instability of the glycosidic linkage in the purine deoxyribo- 
nucleotides to acids preclude the use of either alkali or acid for the satisfactory cleavage of 
the deoxyribonucleic acids either to their constituent nucleotides or nucleosides. It is, 
therefore, necessary to resort to enzymic hydrolysis and this involves the addition to the 
nucleic acid solution of protein (enzymes) and salts (activating ions and buffering system) 
which must subsequently be removed before isolation of the nucleosides. Thus, the use of 
an ammonia—ammonium sulphate buffer has in the past necessitated subsequent quantit- 
ative removal of sulphate ions as barium sulphate and extensive washing of the precipitate 
to avoid loss by adsorption. We have circumvented these steps by extracting the con- 
centrated enzymic digest with ethanol. The ethanol extract so obtained was shown by 
paper chromatography to contain the deoxyribosides of guanine, adenine, cytosine, thymine, 
and uracil. The detection of uracil deoxyriboside in enzymic hydrolysates of deoxyribo- 
nucleic acids from various sources has been reported recently from this laboratory (Dekker 
and Todd, Nature, 1950, 166, 557; Dekker and Elmore, J., 1951, 2864). It could be pro- 
duced from cytosine deoxyriboside either by partial degradation during the manufacture 
of the commercial nucleic acid, used as starting material, or by the action of a bacterial 
deaminase during hydrolysis. A formic acid hydrolysate of the nucleic acid used in our 
experiments was shown by paper chromatography to contain uracil (Vischer and Chargaff, 
J. Biol. Chem., 1948, 176, 715). Furthermore the ratio uracil : thymine in the formic acid 
hydrolysate corresponded fairly closely to the ratio of their deoxyribosides in the enzymic 


* Part XIII, preceding paper. 
8M 





2722 Andersen, Dekker, and Todd : 


digest. In view of these facts it is probable that the uracil deoxyriboside isolated was 
present in the original deoxyribonucleic acid and was not produced during the hydrolysis. 
The presence of uracil deoxyriboside in the hydrolysate caused, of course, a corresponding 
drop in the yield of cytosine deoxyriboside. 

The mixture obtained from the ethanol extract of the enzymic digest was resolved into 
its component nucleosides by ion-exchange chromatography in two stages. Conditions 
similar to those which Cohn (J. Amer. Chem. Soc., 1950, 72, 1471) found successful in the 
separation of the ribonucleosides were equally applicable to the first stage in the separation 
of the deoxyribonucleosides. The thymine, uracil, and guanine derivatives, which by 
virtue of their weakly acidic hydroxyl groups are capable of forming anions above pH 10 
were adsorbed on a quaternary ammonium type anion-exchange resin (Dowex-2 in the 
formate form) while the deoxyribosides of adenine and cytosine, which do not contain 
acidic functional groups, were not retained on the column. The adsorbed nucleosides 
were separated by elution with an ammonium formate buffer at pH +8. The separation of 
the thymine and uracil deoxyribosides from one another was not complete. Asa rule paper 
chromatography of the uracil deoxyriboside fractions revealed a slight contamination with 
thymidine. Pure uracil deoxyriboside was obtained from them by recycling through a 
smaller Dowex-2 column under the same conditions as above. 

From the fractions representing the first peak, in the Dowex-2 ion-exchange chromato- 
gram (1.¢., the adenine-cytosine deoxyriboside mixture) it was possible to crystallise about 
90°, of the adenine deoxyriboside directly. Cytosine deoxyriboside and the remainder of 
the adenine deoxyriboside were most efficiently separated by recycling their neutral 
solution through a carboxylic type cation-exchange resin (IR C-50) buffered at pH 3-5. 
Elution with water sufficed to resolve these two weakly basic nucleosides; this separation 
appears to be more dependent on adsorption than on ion-exchange characteristics since the 
nucleosides are eluted in the reverse order to that which would be predicted from their basic 
dissociation constants. A similar phenomenon has been observed in certain instances by 
Cohn (loc. cit.) in his extensive work on the separation of the ribonucleotides. 

The preparative procedure described in the Experimental section has several advantages 
over existing methods. It is, for example, unnecessary to remove the last traces of protein 
from the nucleic acid before hydrolysis, thus permitting the direct use of fairly crude com- 
mercial samples of deoxyribonucleic acid. The laborious chloroform extraction procedure 
which Schindler (loc. cit.) described for partially purifying the guanine deoxyriboside is 
eliminated. The latter author’s use of adsorption chromatography on alumina for the 
separation of the pyrimidine nucleosides from the other components is also avoided. Apart 
from minor losses incurred in the ethanol extraction and in the final crystallisation, the new 
method gives almost quantitative recovery of the deoxyribonucleosides. 

In preliminary experiments in which we attempted to separate the nucleosides on a 
sulphonic acid type cation-exchange resin (Dowex-50) (Reichard and Estborn, Joc. ctt.), 
extensive hydrolysis of the purine nucleosides was consistently encountered. This occurred 
even when the resin was in the ammonium salt form and when buffered solutions were used 
for elution. Adenine deoxyriboside, which remains on the column for the longest period 
of time, was particularly affected. 


EXPERIMENTAL 


M. p.s are uncorrected. Evaporation of aqueous solutions was carried out in all cases under 
reduced pressure at a bath-temperature not exceeding 45°. 

Purification of Intestinal Phosphatase.—A glycerol extract of calf intestinal mucosa was pre- 
pared according to Klein (Z. physiol. Chem., 1932, 207, 125). To 250 c.c. of the glycerol extract 
ethanol (500 c.c.) was added with thorough mixing. The precipitate was separated by centri- 
fugation (3000 r.p.m. for 20 minutes) and washed once with ethanol (400 c.c.) and twice with 
water (200 c.c. and 150 c.c.). After the final centrifugation the residue was suspended in water 
(200 c.c.). 

Enzymic Hydrolysis of Herring-sperm Deoxyribonucleic Acid.—Herring-sperm deoxyribo- 
nucleic acid (180 g.; 7-3°% of P) of commercial origin (Isaac Spencer and Co., Ltd., Aberdeen) 
was dissolved in warm water (1400 c.c.). Magnesium sulphate (54 g. of the heptahydrate) and 
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deoxyribonuclease (250 mg.; supplied by Gea Ltd., Copenhagen) were added and the pH was 
adjusted to 6-5—7-0 with ammonia (4N). The volume was made up to a total of 1650 c.c. and 
the solution incubated at 37° for 44 hours. 

For convenience the above solution was divided into two equal parts for further hydrolysis. 
To each portion (825 c.c.) was added silver sulphate (2-15 g., dissolved in water by dropwise 
addition of concentrated ammonia), N-ammonia—N-ammonium sulphate buffer (720 c.c.; 1: 1), 
and calf intestinal phosphatase (200 c.c. of the suspension described above). The volume was 
made up to 1900 c.c. and the solution was incubated at 37° for 24 hours. More phosphatase 
suspension (200 c.c.) was added, the pH readjusted to 9 with ammonia, and the incubation con- 
tinued for a further 24 hours. By this means 80% of the original organically bound phos- 
phorus was liberated as inorganic phosphate. Magnesium ammonium phosphate and insoluble 
protein were removed by centrifugation, and the clear supernatant liquid was concentrated to a 
thick slurry. This slurry was extracted once with 99% ethanol (1000 c.c.) and twice with 85% 
ethanol (500 c.c. and 250 c.c.). The extractions were carried out by mechanical shaking for 4 
hours in each case. The combined extracts were concentrated to a thick syrup in vacuo, 
diluted to 400 c.c. with water, and filtered through a thin layer of activated charcoal. The 
filtrate was made up to 550 c.c. with distilled water. 

Chromatographic Examinations.—An aliquot of this solution was placed on paper (Whatman 
No. 1) and run on a two-dimensional chromatogram with n-butanol saturated with water in one 
direction and 5% disodium hydrogen phosphate—isoamy] alcohol in the other. Examination of 
the paper chromatogram by means of a “ Mineralite’’ ultra-violet lamp revealed five spots with 
Ry, values corresponding to those of the deoxyribosides of guanine, adenine, cytosine, uracil, and 
thymine (Buchanan, Nature, 1951, 168, 1091). The spots were cut out and eluted separately with 
0-1m-sodium phosphate buffer (5-0 c.c.; pH 7-0), and the optical density of the eluates at 260 
mu was determined with a Beckman spectrophotometer. From the known ultra-violet 
absorption characteristics of the compounds, amounts of individual nucleosides present in the 
original solution were calculated. The results are expressed in g. per 36 g. of nucleic acid, corre- 
sponding to 110 c.c. of the above solution, batches of this size being used in ion-exchange 
separations described below: Guanine deoxyriboside, 2-7 g.; adenine deoxyriboside, 3-4 g.; 
cytosine deoxyriboside, 1-8 g.; uracil deoxyriboside, 1-0 g.; thymidine, 4-9 g. The ratio 
uracil deoxyriboside : thymidine was | : 5. 

A sample of the deoxyribonucleic acid used as starting material (30 mg.) was hydrolysed with 
formic acid (2 c.c.) at 175° for 40 minutes. The hydrolysate was examined by paper chroma- 
tography in isopropyl alcohol—6n-hydrochloric acid (65:35). The thymine and uracil spots 
(Ry—0-76 and 0-66 respectively) were cut out and eluted as above. Determination of optical 
densities of the eluates at 260 my gave a ratio uracil : thymine = 1: 4. 

Separation of the Nucleosides.—A column (32 x 3-3 cm.) of Dowex-2 resin (250—500 mesh ; 
chloride form) was set up and the resin converted into the formate form before applying a portion 
of the above nucleoside solution (110 c.c., equiv. to 36 g. of deoxyribonucleic acid) previously 
adjusted to pH 10-5 with ammonia (190 c.c. of 4N). The column was adjusted to a flow rate of 
270 c.c. per hour and 200-c.c. fractions were collected. Initially elution was carried out with 
ammonium formate buffer of pH 9-8 (0-01N with respect to formate), cytosine and adenine 
deoxyribosides passing through together and being collected in fractions 1—8. At this point 
the eluant was changed to neutral ammonium formate buffer of pH 7-4 (0-1N with respect to 
formate) and washing was continued until a total of 28 fractions had been collected from the 
column and all nucleosidic material had been eluted. The course of the separation was followed 
by determining the optical densities of individual fractions (after suitable dilution) at 280 and 
260 my with a Beckman spectrophotometer. The chromatogram details are summarised 
below : 

Optical density Range of No. of fractions 
Deoxyriboside of ratio (280/260 my) fractions to peak 
Adenine 0-13 1—8 2 
Cytosine 0-95 
Thymine 0-74 12—17 
Uracil 0-38 18—19 
Guanine 0-61 20—28 


Thymine deoxyriboside (thymidine). Fractions 9, 10, and 11 were discarded. Fractions 
12—17 inclusive (1200 c.c.) were evaporated to 50 c.c. and set aside in the refrigerator. Thymine 
deoxyriboside (2-7 g.) separated. The mother-liquors were evaporated to dryness and ammonium 
formate was removed by sublimation at 45°/0-5 mm. The residue was dissolved in methanol 
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(50 c.c.) and set aside, giving a further crop of nucleoside (total yield, 4-2 g.). ecrystallised 
from methanol the nucleoside had m. p. 182—183° (Found: C, 49-8; H, 5-7; N, 11-8. Calc. 
for C,,H,,0O;N,: C, 49-6; H, 5-8; N, 11-6%). 

Uracil deoxyriboside. Fractions 18 and 19 (400 c.c.), which contained the uracil deoxy- 
riboside contaminated with a small amount of the thymine derivative, were evaporated and 
ammonium formate was sublimed off. The residue was dissolved in water (35 c.c.), and the 
solution adjusted to pH 10—11 with a few c.c. of ammonia (4N) and run on to a smaller column 
(9 x 2-4 cm.) of Dowex-2 in the formate form, elution being effected with ammonium formate 
buffer of pH 7-4 (0-1N with respect to formate). The eluate was collected in fractions (60 c.c.) ; 
aliquots of each fraction were diluted and the optical densities at 280 and 260 my determined. 
Fractions 7 and 8 which had an optical density ratio (Dy 95 : Dggo) of 0-35—0-38, were evaporated 
to dryness and freed from ammonium formate by sublimation. The residue, dissolved in 
methanol (10 c.c.) and kept in the refrigerator, yielded uracil deoxyriboside (0-42 g.). Re- 
crystallised from methanot the compound had m. p. 161—162° (Found: C, 47-4; H, 5:3; N, 
12-3. Calc. for C,H,,0,;N,: C, 47-4; H, 5-3; N, 12-3%). 

Guanine deoxyriboside. Fractions 20—-28 inclusive (1800 c.c.) were concentrated to small 
bulk (300 c.c.). Guanine deoxyriboside (1-90 g.) crystallised when the solution was kept in the 
refrigerator. If the evaporation was carried too far the nucleoside separated in an amorphous 
form. The mother-liquors were evaporated to dryness, ammonium formate sublimed off, and 
the residue recrystallised from water (35 c.c.). A further amount of guanine deoxyriboside 
(0-38 g.) was thus obtained, giving a total yield of 2-28 g. The nucleoside, recrystallised from 
water, had no definite m. p. (Found, in material dried at 135°/1 mm. for 20 hours: C, 44-8; 
H, 4-6; N, 26-4. Calc. for C,,H,,0,N,: C, 45-0; H, 4-9; N, 262%). 

Separation of the deoxyribosides of adenine and cytosine. The first eight fractions (1600 c.c.) 
containing the mixed adenine and cytosine deoxyribosides were combined, concentrated to small 
bulk (50 c.c.), and set aside overnight in the refrigerator. Adenine deoxyriboside monohydrate 
(3-16 g.) separated and was recrystallised from water (Found: C, 44-9; H, 5-9; N, 26-3. Calc. 
for C,)H,,0,N,;,H,O: C, 44-6; H, 5-6; N, 26-0%). Dried overnight at 80°/0-5 mm. the nucleo- 
side had m. p. 189—190°. 

A column (10 x 3-3 cm.) of IR C—50 resin (particle size less than 150 mesh) was washed 
successively with N-sodium hydroxide, water, ammonium formate buffer of pH 3-4 (N with 
respect to formate), and finally with water until the eluate was neutral. The mother-liquors 
from the above crystallisation of adenine deoxyriboside were taken to dryness and freed from 
ammonium formate by sublimation, and the residue was dissolved in water (50c.c.). The solu- 
tion was run on to the column, eluted with water (flow rate 250 c.c. per hour), and collected in 
fractions (120 c.c.) which were examined in the usual manner by optical-density determinations. 
Fractions 3—10 inclusive (960 c.c.), containing cytosine deoxyriboside, were combined and 
evaporated to dryness. Methanol (10 c.c.) was added and the solution was again evaporated 
under reduced pressure. The residue was dissolved in methanol (30 c.c.) and after its filtration 
a solution of dry hydrogen chloride in methanol (5 c.c. of 3N) was added and the whole set aside 
in the refrigerator. Cytosine deoxyriboside separated as its crystalline hydrochloride (1-59 g.) ; 
when heated the hydrochloride melted and decomposed at 161—164° (Found: C, 41-0; H, 5-0; 
N, 15-6. Cale. for C,H,,0,N;,HCl: C, 41-0; H, 5-4; N, 15-9%). Fractions 12—20 inclusive 
(1080 c.c.) were combined and concentrated to small bulk (15 c.c.). Adenine deoxyriboside 
(0-11 g.) separated, making the total yield of this nucleoside 3-27 g. 


Grateful acknowledgment is made to the Teknisk Videnskabelige Forskningsraad (Denmark) 
and the American Cancer Society for Fellowships (to W. A. and C. A. D. respectively), and to 
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514. The Configuration of Flexible C, Hydrocarbons in the 
Vapour Phase. 
By G. A. McD. Cummincs, J. C. McCousrey, and A. R. UBBELOHDE. 


New determinations of the viscosities of gaseous hydrocarbons in the 
range 20—200° are given for hexa-1: 5-diene, 2 : 3-dimethylbut-2-ene, 
2: 3-dimethylbutane, 2: 3-dimethylbuta-1 : 3-diene, and _ cyclohexane. 
Comparisons of these with earlier results for n-hexane and hex-l-ene support 
the conclusion that in the temperature range studied the flexible molecules 
exhibit substantial ‘‘crumpling.”’ Comparison between molecules of 
approximately the same molecular weight but with a range of flexibility 
wider than that of those previously studied shows that the average 
crumpling of the most flexible molecules probably increases somewhat as the 
temperature rises. Any such effect is, however, considerably smaller than 
would be required by existing theories of crumpling. 


IN a previous publication (McCoubrey, McCrea, and Ubbelohde, J., 1951, 1961; see also 
Discuss. Faraday Soc., 1951, 10, 94) the average configurations in the vapour phase and 
their temperature dependence were compared for m- and tso-paraffins in the range C;,—C,. 
From viscosity measurements, together with molecular volumes and entropies of 
vaporisation of the liquids at their boiling points, it was concluded that even in such short 
chains a substantial degree of crumpling occurs in the vapour phase and that any relative 
change of crumpling with temperature in the molecules studied was very small. 
Theoretically, the average degree of crumpling depends on the form of the repulsion barrier 
opposing free rotation about C-C bonds. At present, the mathematical form of this 
barrier is under discussion (Ubbelohde and Woodward, Trans. Faraday Soc., 1952, 48, 113). 
Even in the absence of definitive mathematical analysis it is possible to vary the barriers 
opposing rotation by synthesising the appropriate compounds. For example, from 
spectroscopic and thermodynamic data, the effect of unsaturation on the potential barrier 
restricting rotation about neighbouring C-C bonds and on the difference in the energy 
between the possible rotational isomers can be inferred (McCoubrey and Ubbelohde, 
Quart. Reviews, 1951, 5, 364). A study of the following groups of hydrocarbons was under- 
taken to extend the range of flexibility investigated. To facilitate application of the 
kinetic theory of gases, all the hydrocarbons are based on a Cy, skeleton and have 
approximately the same molecular weight. 

(a) Hexa-1 : 5-diene, hex-\-ene, n-hexane. Reduction in the number of hydrogen atoms 
in n-hexane by introduction of terminal isolated double bonds would be expected to lower 
the potential barrier opposing rotation of the rest of the molecules about the 2—3 and 
4—5 C-C bonds and would thus facilitate crumpling. 


CH CH, CH, CH, CH, CH, 
| hig Elan Se 4 \ 7 
CH, CH, th, CH, CH, CH, 


Increased ease of crumpling. 





(b) 2: 3-Dimethylbutane, 2: 3-dimethylbuta-1 : 3-diene, 2: 3-dimethylbut-2-ene. It is 
known that introduction of unsaturation as above causes the potential barrier restricting 
rotation about the central C-C bond to be increased. The mono-olefin has no rotational 
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isomers, and the central C-C bond of the diene has a bond order greater than unity as a 
result of conjugation. It would be expected that all the molecules in this group should be 
much less flexible than n-hexane. 
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(c) cycloHexane. This molecule is likewise more rigid than n-hexane. It is assumed 
to be predominantly in the rigid “‘ chair’’ form (Hazebroek and Oosterhoff, Discuss. 
Faraday Soc., 1951, 10, 87; Hassel, Research, 1951, 3, 504). Results recorded in Tables 1 
and 2 show that these expectations about the molecular configurations of the flexible 
molecules are in substantial agreement with the collision diameters based on viscosity 
measurements. 

EXPERIMENTAL 

Materials.—cycloHexane. This was prepared in this laboratory (Thompson and Ubbelohde, 
Trans. Faraday Soc., 1950, 46, 349). 

Hexa-1 : 5-diene. This was prepared by condensation of allyl chloride in presence of 
magnesium as described in Org. Synth., 27, 7). 

A general treatment used for all the hydrocarbons involved purification by storage over 
sodium wire, refluxing, and finally distillation over sodium under dry oxygen-free nitrogen 
through a column packed with }” glass helices. The distillate was then redistilled through a 
6” column packed with phosphor-bronze gauze (12 plates), with a reflux ratio of 20:1. A 
sample with boiling range 59-4—59-5°/758 mm. had nj 1-4042 and p!* 0-692 + 0-001 g./c.c. 

2 : 3-Dimethylbuta-1 : 3-diene. Prepared by dehydration of pinacol with hydrobromic acid 
(ibid., 1, 448; 22, 37), the product was washed several times with water (Farmer and Warren, 
J., 1931, 3721) and dried over calcium chloride. After distillation, purification as above gave a 
sample boiling at 68-4—68-5°/760-9 mm. with nj 1-4391 and p17 0-729 + 0-001 g./c.c. 

2 : 3-Dimethylbut-2-ene. Methyl isobutyrate reacted with methylmagnesium bromide and 
hydrolysis then gave an alcohol which was dehydrated by distillation with iodine to a mixture of 
olefins (Howard, J. Res. Nat. Bur. Stand., 1947, 38, 365). Purified as above, it had boiling 
range 72-9—73-1°/757-5 mm., nj 1-4122, 9!*5 0-716 + 0-001 g./c.c. 

2: 3-Dimethylbutane. Acrude specimen (Messrs. L. Light & Co.) was washed with, successively, 
concentrated sulphuric acid, sodium carbonate solution, and distilled water, and was dried 
(CaCl,). After distillation, purification as above gave a fraction, b. p. 57-8—57-9°/760-8 mm., 
ni) 1-3750, n> 1-3798, o!* 0-665 + 0-001 g./c.c. The temperature coefficient of refractive index 
differs somewhat from previous data (Nat. Bur. Stand. Circular C 461, 1947, gives n2? 1-37495, 
ni? 137759). To test further for physical homogeneity and to obviate the risk of working with a 
constant-boiling mixture, the pressure was reduced to 10 cm. Hg and the selected fraction was 
refractionated. No difference was observed between the refractive indices of the first and the 
last portion separated in this way. 

In working with the unsaturated compounds, it was important to verify that the properties 
measured did not refer to samples contaminated by polymerisation. Probably because of the 
precautions to avoid dissolved oxygen, no indication of polymerisation in the apparatus was 
observed. To check that no hydrocarbon polymer was deposited on the walls of the capillary 
the determinations at lower temperatures for the unsaturated compounds were repeated after 
the high-temperature determinations. The capillary was also recalibrated with dry air 
immediately after completion of the series with the hydrocarbon and no variation in r*/L 
(cf. p. 2727) was observed. 

Viscosities—The apparatus and technique have been described (McCoubrey, McCrea, and 
Ubbelohde, /., 1951, 1961). Measurements on the C, series of hydrocarbons are facilitated by 
their convenient vapour pressures. Compared with the earlier work quoted, some reduction in 
probable error of measurement has been achieved. The coefficient of viscosity was calculated 
as previously detailed, the usual correction for slip being made. No allowance was included 
for any dependence on pressure of 7. No correction was made for departure from ideal-gas 
laws, since second virial coefficients are not available for all the selected compounds. Although 
this was was not explicitly stated in the previous publication, the use of a liquid-air trap in the 
capillary effusion apparatus introduces the possibility of Knudsen flow at the low-pressure end 
of the capillary. However, calculation shows that under the conditions used, the contribution 
to the total resistance to flow from the Knudsen region is less than 0-1%. This was neglected. 


DISCUSSION 
To facilitate rapid comparison between molecules, lines of closest fit for log y—-log T were 
calculated (see Table 3). Interpolated viscosities at given temperatures were obtained 
asin Table 1. An estimate of the accuracy of measurement may be obtained from the mean 
deviation from lines of closest fit (Table 3). 
The values of the viscosities for the C, series are given in Table 1. Table 2 gives the 
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ratios R at different temperatures of the viscosities relative to the stiffest molecule 2 : 3-di- 
methylbut-2-ene. Table 2 also gives the temperature trend of these ratios by comparison 
of (R450 — Rso0)/Rso0- 


TABLE 1. Viscosities (in poises x 10°) of Cg hydrocarbons interpolated from log n-log T 
lines of closest fit. 


F ‘ . p ee \ 

@N/\N@ @4/N/ / \ @N »< 
717-1 676-2 - 4 . 727°1 719-5 
837-2 785°1 2- 2 “ 835-6 829-3 
897-4 839-5 57- ° 889-2 883-9 
957-4 893-9 “7 909-! 920-{ 942-5 938-4 
1018 948-2 : 961-2 “f 995-4 992-4 
1078 1003 5 J 1048 1046 


TABLE 2. Ratios (R) of viscosities of C, hydrocarbons at different temperatures 
(relative to 2 : 3-dimethylbut-2-ene). 


AN 


, £ _ e 4 Sof, 
Temp., ° O\/\O FSS LNA NS Mee oe 
300 0-972 0-915 0-861 0-946 0-983 
350 1-007 0-944 0-893 0-968 1-005 
375 1-023 0-957 0-908 0-978 1-014 
400 1-039 0-971 0-922 0-988 1-023 
425 1-055 0-983 0-935 0-997 1-032 
450 1-071 0-996 0-948 1-006 1-041 
Ry = Ratio at (Rgs_ — Rsoo) 0-102 0-089 0-101 0-063 0-059 
temperature ~ Ry. 
T° (Kk) 
TABLE 3. 
Simple kinetic- 
; theory collision 
Line of closest fit parameter Suth " d 
lo =slogT +C _ a/MT Te utherlan 
o ss bn 4 =VMT/q x const. Sutherland collision 
Carbon meanA = Temp= Temp.= _ constant area 
skeleton s Cc |\C —(y—sx)| 300°x 450° k Ss (107% cm.*) 
OSSD 1-005 6-633 0-003 0-219 0-178 
0-9721 6-578 0-003 0-235 0-194 
0-9976 6-667 0-002 0-252 0-206 


0-9244 6-433 0-001 0-223 0-188 





0-9022 6-373 0-002 0-216 0-183 
0-9128 6-416 0-003 0-227 0-192 


0-7638 6-023 0-003 0-215 0-193 29-2 


Tables 1 and 2 show two significant features in this group of C, hydrocarbons. First, 
the viscosity of n-hexane at any temperature in the range covered is smaller than that of 
any of the other compounds. This implies that the (uncorrected) kinetic-theory collision 
areas of all the other hydrocarbons are smaller than that of m-hexane (cf. / in Table 3). 
However, the ratios in Table 2 show that differences in apparent collision area are quite 
small. This means that the more flexible molecules do not behave as if they were fully 
extended in the vapour at ordinary temperatures. Secondly, the ratios R all show a definite 
trend with temperature, which exceeds possible experimental error. If we use the function 
(Raso — Rsoo)/Rso9 2S 2 measure of this trend, the function is found to have its largest value 
for the most flexible molecule hexa-1 : 5-diene and its lowest value for the much less flexible 
2: 3-dimethylbuta-1 : 3-diene. It is also interesting to compare the values of this function 
for n-hexane with the variation in the relative average square length (L*) and square 
radius (r?) of the m-paraffin hydrocarbons deduced theoretically by Taylor (J. Chem. Phys., 
1948, 16, 259) for long-chain compounds, which is of the order of 20% for the temperature 
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range 300—450° kK. So far as these values are comparable, the theoretical trend 
(Ryso — Rso0)/Rs00 = (<1? >450 — <1?>g00) <7?>459 Would be 0-25 if it is assumed that 
<r®> for the stiffest reference molecule does not change with temperature. 

It seems clear that even for the most flexible molecules the increase in crumpling with 
temperature, as calculated from viscosity collision diameters, is much less than could be 
attributed to the fact that Taylor’s calculation does not apply accurately to such short 
chains, or to the fact that viscosity collision diameters are not immediately comparable 
with <r?> values as calculated by Taylor. In the present state of our knowledge a 
preferable explanation of the low temperature coefficient associated with viscosity collision 
diameters is that the potential barrier opposing crumpling of the molecule is less extensive 
than was postulated by Taylor. Possible forms of potential barrier which would agree 
better with the present findings have been discussed by Ubbelohde and Woodward (loc. cit.). 


Fic. 1. Sutherland plots. Fic. 2. Sutherland plots. 
9-5 
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Temp. (°K) Temp.(°) 
1, 2: 3-Dimethylbut-2-ene. C, cycloHexane. 
B, 2: 3-Dimethylbutane. 2 : 3-Dimethylbuta-1 : 3-diene. 
E, Hexa-1 : 5-diene. 








The possibility that the average configuration of a flexible molecule changes with 
temperature provides a new contribution to the temperature coefficient of the viscosity of 
the vapour. In cases where this contribution is important, the Sutherland or the 
Hirschfelder interpretation of temperature coefficient will be inadequate. To examine this 
new concept Sutherland and Hirschfelder parameters are first calculated with neglect of 
any contribution to the temperature coefficient arising out of molecular flexibility. 
Sutherland constants and collision areas calculated from graphical plots of T?/?/y against T 
are given in Table 3. The accuracy with which the Sutherland relationship applies is 
illustrated in the Figures. As found previously (McCoubrey, McCrea, and Ubbelohde, 
loc. cit.) the experimental values of viscosity fit more closely to a logarithmic relation log 
7 = slog T+ C.* Values of s and C and probable errors are recorded in Table 3. 

* This conclusion extends the findings of Chapman and Cowling (‘‘ The Mathematical Theory of 
Non-Uniform Gases,’’ Cambridge Univ. Press, 1939, pp. 223, 229) to more complex molecules. The 
fact that in Table 3 the smallest values of s are found for the stiffest molecules is formally in agreement 
with the results for simpler molecules (op. cit., p. 223). An important difference is that some of the C, 
molecules can yield under impact, by means of quite extensive relative movements of the atoms within 
the molecule. No mathematical analysis is yet available for determination of the conditions of collision 
for which such internal relative movement of the atoms can become important. The problem is of 
considerable interest for the study of the reactivity of hydrocarbons in relation to structure (cf. 


Ubbelohde, Rev. Inst. frang. du Pétrole et Ann. Combust. Liquid, 1949, 4, 488; Ubbelohde and 
McCoubrey, Discuss. Faraday Soc., loc. cit.). 
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The Hirschfelder constants given in the last two columns of Table 4 were deduced from 
Sutherland’s constant and slopes of lines of closest fit by using the tables relating k7°/e, 
S/T, and s as given by Hirschfelder (Trans. Amer. Soc. Mech. Eng., 1949, 71, 921). 7 is 
deduced from the equation 4 x 10? = 266-93(M7)4[r9]?(V)/W2(2), the tables relating V 
and W*(2) with kT/e being used. 

The parameters uncorrected for molecular flexibility deduced for Sutherland and 
Hirschfelder’s different molecular models from viscosity data show the same general trends. 
Hexa-1 : 5-diene has the largest force parameter and the smallest collision diameter, and 
2 : 3-dimethylbut-2-ene has the lowest force parameter and the largest collision diameter. 
However, these force parameters S and ¢/k cannot be taken as measures of the force field 
of a molecule since they are extremely sensitive to slight changes in the temperature 
dependence of viscosity. If the geometry of a molecule is temperature-dependent, as we 
should expect for flexible molecules with low barriers to rotation about C-C bonds, the 
uncorrected value of e/k deduced from viscosity would depend on the temperature variation 
of average molecular configuration. A measure of the force field of the molecule less 
dependent on such geometrical effects may be calculated from other data on the molecules. 


TABLE 4.* 


From viscosity temp. coeff. 
Carbon e/k, from b. p. e/k, from second e/k (° K) 
skeleton data (° K) virial data (° K) (uncorr. for flexibility) r, (cm.~*) 
40\/\4 463 508 5-30 
@\/~N\S 356 6-01 


370 6-18 
256 6-39 


235 6-40 
256 6-46 


P say 7-09 
* Lambert et al., Proc. Roy. Soc., 1949, 176, A, 113. Waddington et al., J. Amer. Chem. Soc., 
1949, 71, 3905. 


* Results in Table V given by McCoubrey, McCrea, and Ubbelohde (/oc. cit., p. 1970) should be 
multiplied by 1-23 to bring them into line with the method of calculation described in this paper, 
which is based on first calculating Sutherland’s constant. 


In Table 4, column 2 gives values of ¢/k from boiling-point data. These are deduced by 
using the relation e/k = 1-397» (cf. Hirschfelder, loc. cit.) where Ty is the boiling point in 
degrees absolute. Although the numerical factor may not be appropriate for these 
molecules, the data show that e/k is in fact not sensitive to the arrangement of bonds. 
Column 3 gives parameters e/k calculated by a trial-and-error method by using the 
expression (1) for the second virial coefficient of the vapours. 

Results for a series of butenes (Roper, J. Phys. Chem., 1940, 44, 835) indicate that the 
second virial coefficient B(T) is not greatly affected by molecular shape or by the 
introduction of an olefinic double bond (cf. also Hirschfelder, J. Chem. Physics, 1942, 10, 
207). Equation (1) relating this coefficient to e/k, viz., 


B(T) = §nNr2F(c/kT) . . . . . . . . (I) 


shows that e/k is relatively insensitive to small changes in the second virial coefficient. On 


this basis, ‘‘ true ’’ force parameters ¢/k should vary but little for the series of C, hydro- 
carbons studied.* 


* A possible exception to the statement that the attractive force field between molecules should not 
be sensitive to the presence of double bonds or to exact molecular shape may arise in 2 : 3-dimethyl- 
buta-1 : 3-diene, where the conjugation might substantially modify the ionisation energy J. This may 
be illustrated by reference to the approximate expression for the energy of intermolecular attraction 
due to dispersion forces E = — 3]a*/r,* due to London (Z. physikal. Chem., 1930, 11, B, 222). 
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The penultimate column of Table 4 shows that ¢/k calculated from viscosity is very far 
from being independent of molecular shape. In fact, the values show the definite trend to be 
larger for the more flexible molecules. We attribute this to modification of the temperature 
coefficient of viscosity by change in average configuration with temperature. Calculations 
of Sutherland or Hirschfelder constants which do not allow for this factor lead to incorrect 
force parameters. 

A third argument in support of the conclusion that the temperature trend in viscosity 
of the more flexible molecules includes a considerable contribution from the change in 
average molecular configuration with temperature is derived from more detailed 
consideration of the ratio of viscosities of pairs of molecules. If the Sutherland 
expression = AT(1 + S/T) applies where Sy is the true force field parameter, the 
temperature effects due tochanges of configuration being neglected, then for a pair of molecules 

re (Soz + T) 
m2 (So t+TZ)° Ag 

The true Sy parameters are closely related to the true values of ¢/k and should not differ 
by more than a few per cent for hydrocarbons of the same number of carbon atoms. 
A difference between y, and y, of this order would involve a temperature trend 
(Raso — Rso0)/Rso0 Of 1%. The much larger trend of the ratio recorded in Table 2 is 
attributed to the variation in average molecular configuration with temperature. 

The conclusion from the studies in this and preceding papers is that in molecules where 
crumpling can occur the average degree of crumpling in the vapour phase is appreciable 
even at ordinary temperatures. Some further increase in crumpling occurs as the 
temperature rises. 

Further experiments are in hand to test this conclusion with longer carbon skeletons 
and with other molecular shapes. 


= R 
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515. Acenaphthene Series. Part VII.* The Three Isomeric tert.- 
Butylacenaphthenes. Migration of tert.-Butyl Growps and Dispro- 
portionation. Preparation and Orientation of 1: 3: 6-Tri-tert.-butyl- 
acenaphthene. 

By Eric ILLINGWoRTH and ARNOLD T. PETERs. 


Migration of the ¢ert.-butyl group occurred when 1- or 3-tert.-butylace- 
naphthene was treated with aluminium chloride in carbon disulphide at 46° ; 
the products were 2-tert.-butyl- and 2: 5-di-tert.-butyl-acenaphthene and 
acenaphthene. In similar manner, 1 : 6-di-tert.-butylacenaphthene afforded 
2: 5-di-tert.-butylacenaphthene. 

Mechanisms of normal and abnormal orientation in Friedel-Crafts 
reactions in this series are postulated. 

1 : 5-Di-tert.-butyl- and 1 : 3 : 6-tri-tert.-butyl-acenaphthene were prepared 
and orientated. 


Effect of Aluminium Chloride on the Three Isomeric tert.-Butylacenaphthenes.—It has been 
shown (Part V *) that, when aluminium chloride is used as catalyst in the ¢ert.-butylation 
of acenaphthene, the products are abnormally orientated but that when ferric chloride is 
employed normal orientation results. 

In this investigation, 1-, 2-, and 3-tert.-butylacenaphthene were individually treated 
with finely ground aluminium chloride in carbon disulphide for 40 minutes. Small amounts 
of hydrogen chloride were evolved, and the products in each case were 2 : 5-di-tert.-butyl- 
acenaphthene and acenaphthene, with some 2-tert.-butylacenaphthene in the experiments 
with 1- and 3-éert.-butylacenaphthene. The 2: 5-di-tert.-butylacenaphthene and ace- 
naphthene were probably present in equimolecular proportions; on the assumption that 


* Parts V and VI, J., 1951, 1602 and 2508. 
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isobutene and tri-tert.-butylacenaphthene were not formed to any great extent, the reaction 
can be formulated as : 


CH, ae. H.C—CH, oS 


Hf 


( || =-But 


2 
a\/ VA wa ~~ 
Y/\4 V4 igh But. \/> pe OU 


Thus, the aluminium chloride-catalysed migration of the ¢ert.-butyl group gave not only 
the abnormally orientated 2-mono-tert.-butyl derivative, but also caused a considerable 
amount of disproportionation, to give the abnormally orientated 2 : 5-disubstituted com- 
pound. Under similar conditions, 1 : 6-di-tert.-butylacenaphthene and aluminium chloride 
gave 30% of 2: 5-di-tert.-butylacenaphthene. Smith and Perry (J. Amer. Chem. Soc., 
1939, 61, 1411) showed that in presence of aluminium chloride 4-t¢ert.-butyl-m-xylene was 
converted into the 5-tert.-butyl isomer. 

Effect of Ferric Chloride on the Three Isomeric tert.-Butylacenaphthenes.—1-, 2-, and 
3-tert.-Butylacenaphthene were treated with ferric chloride in boiling carbon disulphide 
for 3 hours. In each experiment, the reaction mixture was deeply coloured, but no 
migration of the ¢ert.-butyl group could be detected, and no acenaphthene or di-tert.- 
butylacenaphthene was isolated; 1-, 2-, and 3-¢ert.-butylacenaphthene were recovered in 
78, 76, and 56% yield, respectively. Some loss was attributed to formation of yellow 
resin and to other reactions such as dehydrogenation. 

Although ferric chloride caused no group migration, a small amount of hydrogen chloride 
was evolved, and after distillation of the mono-tert.-butylacenaphthene under reduced 
pressure a high-boiling residue remained, which set to a yellow glass. This residue, in the 
experiment with 2-tert.-butylacenaphthene, was crystallised from ethyl acetate to give a 

cream-coloured solid, m. p. 230—232°, b. p. 260°/8 mm., with 
a blue fluorescence in ethyl acetate. Molecular-weight deter- 
CH, Mination and analysis suggest that the compound was formed 
| _ by the condensation of two molecules of 2-tert.-butylacenaph- 
CH: thene by the elimination of two atoms of hydrogen, to give 
2 : 2’-di-tert.-butyl-3 : 3’-diacenaphthyl. 

A similar product, m. p. 229—230°, was obtained from 1-tert.-butylacenaphthene, but 
on admixture with the foregoing compound it melted at 190°. 

Thus there is little doubt that the high-boiling products obtained by the action of ferric 
chloride on the three isomeric fert.-butylacenaphthenes are isomeric di-tert.-butyldiace- 
naphthyls. 

Low-temperature tert.-Butylation of Acenaphthene in Presence of Aluminium Chloride.— 
Conditions of alkylation of acenaphthene can be made less vigorous, not only by substituting 
ferric chloride for aluminium chloride, but also by a reduction in reaction temperature. 
For example, Smith and Perry (loc. cit.) quote an analogous case with 4-n-propyl-m-xylene, 
which is unaffected by aluminium chloride at 15°, whereas at 100° conversion into 5-tso- 
propyl-m-xylene occurs readily (cf. Nightingale and Carton, J. Amer. Chem. Soc., 1940, 
62, 280). 

tert.-Butylation of acenaphthene was therefore carried out at —10° to —5°, with alu- 
minium chloride as catalyst; the low temperature was maintained until the reaction pro- 
duct had been completely separated from the aluminium chloride. The resulting mixture 
was fractionated as described in Part V and the mono-tert.-butylacenaphthene fraction 
gave 2-tert.-butylacenaphthene as the main product; from the more soluble fractions, 
1-tert.-butylacenaphthene was isolated. The mixed isomers were not separable completely 
by crystallisation, and the remaining residue was oxidised by chromic acid in boiling 
acetic acid to the tert.-butylnaphthalic anhydrides; these were separated by refluxing their 
alcoholic solution with concentrated aqueous ammonia; under these conditions 3- and 
4-tert.-butylnaphthalic anhydride readily form the corresponding imide, whereas the 
2-isomer is unchanged. 3-¢ert.-Butylnaphthalimide and 2-tert.-butylnaphthalic anhydride 
were thus isolated; no 4-¢ert.-butyl derivative was found. Thus, the original mono-tert.- 
butylacenaphthene was a mixture of the 1- and the 2-isomer. 
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The di-tert.-butylacenaphthene fraction yielded a new di-tert.-butylacenaphthene, m. p. 
86—87° (from alcohol), raised to 97-5—98° (from acetic acid); this gave a picrate and a 
s-trinitrobenzene complex. It is most probably the 1 : 5-derivative (see below). Some 
1 : 6-di-tert.-butylacenaphthene, m. p. 135—136-5°, was obtained from the more soluble 
fractions. 

Thus, when the ¢ert.-butylation of acenaphthene is carried out at —10° to —5°, even in 
presence of aluminium chloride, the conditions are sufficiently mild to allow a certain 
amount of normally orientated products to be isolated. 

Orientation of 1 : 5-Di-tert.-butylacenaphthene.—The above-mentioned di-tert.-butyl- 
acenaphthene, m. p. 97-5—98°, is accompanied by some 1-¢ert.-butylacenaphthene, but no 
3-isomer. As it is unlikely that two fert.-butyl groups will enter positions ortho to each 
other, and as the new di-tert.-butyl derivative differs from the 1 : 6- and the 2 : 5-isomer, 
there is little doubt that it is 1 : 5-di-tert.-butylacenaphthene. This is supported by pre- 
paration of the same compound from 2-tert.-butylacenaphthene at 10—15° in presence of 
anhydrous ferric chloride: as no migration of the 2-fert.-butyl group could have taken 
place under these conditions, and as substitution in the 1-position is favoured at 10—15° 
(see Part V) when ferric chloride is the catalyst, it is almost certain that the 1 : 5-derivative 
would be formed. 

When 1-, 2-, or 3-¢ert.-butylacenaphthene is refluxed at atmospheric pressure for 8 hours, 
no isomerisation occurs, and the starting material is recovered. 

Explanation of Migration Reactions.—The orientation of the products from Friedel- 
Crafts alkylations is dependent on many factors, the most important being (i) identity of 
the catalyst, (ii) quantity of catalyst, (iii) temperature of reaction, (iv) duration of reaction, 
(v) activity of alkylating agent, (vi) activity of the aromatic nucleus being substituted, 
and (vii) identity of the solvent ; other factors, such as the rate of stirring (Francis, Chem. 
Reviews, 1948, 43, 257) influence the reaction less. 

The normal orientating effect of the alkyl group is ortho-para, but in many cases it is so 
weak, in view of the lability of the group, that it is readily superseded by the effect of 
thermodynamic stability. Hence, in a reaction where the alkyl group is cleaved from the 
nucleus, the proportions of isomers formed will approximate to those obtained at thermo- 
dynamic equilibrium, and any divergencies from the equilibrium composition will be those 
due to the directive influence, indicating that the time or temperature allowed for the 
reaction was not vigorous enough to give the equilibrium mixture. 

When aluminium chloride was used as catalyst at 46° in the condensation of tert.-butyl 
chloride and acenaphthene, 2-tert.-butyl- and 2 : 5-di-tert.-butyl-acenaphthene were formed 
mainly, if not solely. As aluminium chloride can readily cleave the ¢ert.-butyl group from 
the acenaphthene nucleus under the conditions of the reaction, it appears that the products 
substituted in the m-position are most stable and are formed at the expense of the less 
stable o- and p-isomers (0-, m-, and p- relative to -CH,-). 

When the conditions of reaction were made less vigorous by carrying out the reaction 
at —10° to —5°, a certain amount of normally orientated products, viz., 1-tert.-butyl- and 
1 : 6-di-tert.-butyl-acenaphthene, was formed, although the mono-éert.-butyl fraction still 
consisted largely of the 2-isomer. The 1: 5-isomer was partly normally and partly ab- 
normally orientated: Therefore, under milder conditions, as was expected, when the 
products of reaction were not able to reach thermodynamic equilibrium so quickly, the 
amount of abnormal m-substitution was decreased. 

The absence of the 3-isomer, although the l-isomer is present, may be attributed to 
either or both of the following factors: (i) In presence of ferric chloride, the proportion 
of 1-tert.-butylacenaphthene increased from 50 to 80% at the expense of the 3-isomer as 
the temperature of alkylation of acenaphthene was reduced from 46° to 10—15°. Thus, 
at —10°, it is to be expected that the ¢ert.-butyl group will be even more likely to enter the 
l-position. (ii) At the low temperature, the 3-isomer may not be stable enough to exist 
in presence of aluminium chloride, whereas the l-isomer may be more stable and not be 
completely isomerised by the aluminium chloride. In this connexion, Norris and Vaala 
(J. Amer. Chem. Soc., 1939, 61, 2131) showed that o-xylene is more stable to aluminium 
chloride than the m- or the p-isomer. 
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On the other hand, when ferric chloride was used as catalyst in the ¢ert.-butylation of 
acenaphthene, only the normally orientated products were obtained, viz., o- and p- to the 
—CH,°CH,- bridge ; as ferric chloride does not cleave the ¢ert.-butyl group from the nucleus, 
the products originally formed are also the final products of reaction. 

1: 3: 6-Tri-tert.-butylacenaphthene.—tert.-Butylation of acenaphthene, with ¢ert.-butyl 
chloride and ferric chloride in carbon disulphide, gave 1- and 3-tert.-butyl- and 1 : 6-di- 
tert.-butyl-acenaphthene (Part V); careful distillation of the higher-boiling fractions at 
0-6 mm. has now afforded a tri-tert.-butylacenaphthene, m. p. 133-5—134°, b. p. 210— 
220°/0-6 mm., 390—400°/758 mm. __If the products of reaction are distilled at 1 atmosphere, 
the di- and tri-tert.-butylacenaphthene are not separated, as crystallisation gives di-tert.- 
butylacenaphthene and an uncrystallisable resin. 

The same tri-fert.-butylacenaphthene was also prepared by further /ert.-butylation of 
1- or 3-tert.-butyl- or 1 : 6-di-tert.-butyl-acenaphthene with ¢éert.-butyl chloride and ferric 
chloride. Under the conditions employed, ferric chloride has been shown not to cause 
migration of the ¢ert.-butyl group, and the only tri-substituted derivative which would be 
formed from all the above compounds is the 1 : 3: 6-isomer. This indeed is the derivative 
which would be expected from fert.-butylation of the parent acenaphthene in presence of 
ferric chloride. 


EXPERIMENTAL 


Micro-analyses were carried out by Drs. Weiler and Strauss, of Oxford. 

Effect of Aluminium Chloride on tert.-Butylacenaphthenes.—(a) 1-tert.-Butylacenaphthene 
(5 g.), anhydrous aluminium chloride (0-6 g.), and dry carbon disulphide (50 c.c.) were refluxed 
for 40 minutes. After filtration and removal of solvent, the residue afforded 2 : 5-di-tert.-butyl- 
acenaphthene (0-7 g.), which crystallised from absolute alcohol in colourless needles, m. p. and 
mixed m. p. 162—163°; the alcoholic mother-liquors were treated with picric acid to yield 
orange solids, m. p. 159—161°, and m. p. 118—121°, which on hydrolysis yielded, respectively, 
acenaphthene (0-4 g.), m. p. and mixed m. p. 96°, and 2-tert.-butylacenaphthene (0-5 g.), m. p. 
and mixed m. p. 87—88°. 

(b) 2-tert.-Butylacenaphthene (5 g.) in similar manner gave a small amount of aluminium 
chloride complex and a carbon disulphide filtrate; decomposition of the complex with dilute 
hydrochloric acid gave a solid which on extraction with carbon disulphide, removal of solvent, 
and crystallisation from alcohol furnished colourless needles of 2 : 5-di-tert.-butylacenaphthene 
(0-3 g.), m. p. and mixed m. p. 162—163°. The original carbon disulphide filtrate afforded a 
further amount of the same di-tert.-butyl derivative (0-4 g.), and conversion of the more soluble 
fractions into picrates yielded orange-red needles (0-5 g.), m. p. and mixed m. p. with ace- 
naphthene picrate, 160—161°; no starting material was recovered. 

(c) 3-tert.-Butylacenaphthene (5 g.) similarly afforded 2 : 5-di-tert.-butylacenaphthene (0-8 g.), 
2-tert.-butylacenaphthene (0-3 g.), and acenaphthene (as picrate. 0-4 g., m. p. 160—161°). 

(d) 1: 6-Di-tert.-butylacenaphthene (5 g.), treated as above, gave 2: 5-di-tert.-butylace- 
naphthene (1-4 g.), m. p. and mixed m. p. 162—163°, and an unidentified mixture. 

Effect of Ferric Chloride on tert.-Butylacenaphthenes.—(a) Anhydrous ferric chloride (2-2 g.) 
was added to 1-tert.-butylacenaphthene (10 g.) in boiling dry carbon disulphide (30 c.c.) and the 
mixture refluxed for 3 hours. 1-tert.-Butylacenaphthene (7-8 g.), b. p. 144°/2 mm., m. p. and 
mixed m. p. 65—66°, was recovered, together with a high-boiling resin, which on repeated 
treatment with ethyl acetate afforded minute pale yellow prisms (0-4 g.), m. p. 229—230° 
(Found: C, 90-0; H, 7-9. C,,H,, requires C, 91-9; H, 8-1%), which show a strong blue 
fluorescence in ultra-violet light; it is possibly 1: 1’-di-tert.-butyldiacenaphthyl, by analogy 
with the 2: 2’-derivative. 

(b) 2-tert.-Butylacenaphthene (10 g.), treated as in (a), afforded a fraction (7-6 g.), b. p. 165°/ 
8 mm., m. p. and mixed m. p. with 2-tert.-butylacenaphthene, 87—88°, and cream-coloured 
needles (0-5 g.), m. p. 230—232° (from ethyl acetate), unchanged in m. p. on repeated crystallis- 
ation [Found: C, 91-0; H, 8-1%; M (Rast), 433. C,,H,, requires C, 91-9; H, 8-1%; M, 418), 
and showing a strong blue fluorescence in ultra-violet light in ethyl acetate. This product is 
probably 2 : 2’-di-tert.-butyl-3 : 3’-diacenaphthyl. 

(c) 3-tert.-Butylacenaphthene (10 g.) and ferric chloride, as above, gave 5-6 g. of unchanged 
product, m. p. and mixed m. p. 101—102°, and a high-boiling resin which was not further 
investigated. 


tert.-Butylation of Acenaphthene at —10° to 15°, with Aluminium Chloride as Catalyst.— 
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Throughout the reaction and during removal of the catalyst, the temperature was maintained 
at —10° to —5°. Acenaphthene (308 g., 1 mol.), dissolved in dry carbon disulphide (750 c.c.) 
at room temperature, was cooled to —10°, and anhydrous aluminium chloride (54 g., 0-2 mol.) 
was added at such a rate (during 1 hour) as to keep the temperature below —5°. After a further 
4 hours’ stirring, the mixture was filtered and the solvent removed from the filtrate; fraction- 
ation gave (i) 71 g., b. p. 274°, (ii) 12-5 g., b. p. 277—318°, (iii) 130 g., b. p. 318—320°, and 
(iv) 80 g., b. p. ca. 360°. Fraction (i) was acenaphthene, (ii) was a mixture of (i) and (iii) ; 
fraction (iii) comprised mixed mono-tert.-butylacenaphthenes, which were fractionally crystallised 
from methanol, to give (a) 26 g. of 2-tert.-butylacenaphthene, colourless plates, m. p. 90° (not 
depressed on admixture with a specimen of m. p. 88—88-5°, recorded by Nursten and Peters, 
J., 1950, 729), (b) 9-5 g. of the more soluble 1-tert.-butylacenaphthene, colourless plates, m. p. 
and mixed m. p. 65—66°, and (c) 64 g. of a mixture (M), m. p. 46—54° (Found: C, 91-3; H, 
8-7. Calc. for C,,H,,: C, 91-4; H, 8-6%), containing 1- and 2-tert.-butylacenaphthene (see 
below). Fraction (iv) was a viscous liquid, which flowed at ca. 60° and afforded 15-5 g. of 
colourless prismatic needles (from alcohol), m. p. 86—87°, unchanged in m. p. on crystallising 
from alcohol; after crystallising from acetic acid three times, and then from methanol, it gave 
similar crystals, m. p. 97-5—98° (Found: C, 90-3; H, 9-8. C, 9H,. requires C, 90-2; H, 9-8%). 
This product is almost certainly 1 : 5-di-tert.-butylacenaphthene. The original alcoholic mother- 
liquors from (iv), after separation of the 1: 5-isomer, yielded 8-2 g. of 1 : 6-di-tert.-butylace- 
naphthene, colourless prismatic needles, m. p. 135—136-5° (mixed m. p. with above product, 
m. p. 97-5—98°, was 70—75°). 

1 : 5-Di-tert.-butylacenaphthene gave a picrate, scarlet needles (from absolute alcohol), 
m. p. 113—114° (Found: C, 63-6; H, 6-0; N, 8-5. Cy 9H2g,C,H,0,N, requires C, 63-0; H, 
5-9; N, 8-5%), and a s-trinitrobenzene complex, orange needles (from alcohol), m. p. 132—133° 
(Found: C, 64-9; H, 6-1; N, 9-3. Cy gH .,C,H,O,N, requires C, 65-1; H, 5-85; N, 8-8%). 

Oxidation of Mixture (M).—The above mixture (M) (15 g.) was heated under reflux with 
sodium dichromate (45 g.) and acetic acid (400 c.c.) for 5 hours, and then added to water; the 
collected solid was extracted with boiling 5° aqueous sodium carbonate (three successive extrac- 
tions), and the alkaline extracts were acidified, to give a colourless solid (12 g.), m. p. 145— 
146°, comprising mixed butylnaphthalic anhydrides. This was dissolved in alcohol and boiled 
with excess of aqueous ammonia (d 0-88) for 1 hour, further aqueous ammonia being added at 
intervals; from the boiling solution crystals separated which were shown to be 3-fert.-butyl- 
naphthalimide, colourless prismatic needles (from alcohol), m. p. and mixed m. p. 254—256°. 
The alkaline filtrate from this product was then acidified to give, after crystallisation of the result- 
ing precipitate from acetic acid, colourless needles, m. p. and mixed m. p. 162—163°, of 2-tert.- 
butylnaphthalic anhydride. Thus the mixture (M) contained 1- and 2-tert.-butylacenaphthene. 

tert.-Butylation of 2-tert.-Butylacenaphthene.—Anhydrous ferric chloride (2-2 g.) was added 
to a stirred solution of 2-tert.-butylacenaphthene (10 g., 1 mol.) in carbon disulphide (30 c.c.) 
at 10—15°, and ¢ert.-butyl chloride (7-3 c.c., 1-3 mols.) was added during 5 minutes. After 
5 hours at 10—15°, the mixture was filtered, washed, dried, and distilled, to give (i) 4-5 g., b. p 
120—150°/0-7 mm., and (ii) 4 g., b. p. 1560—165°/0-7 mm.; fraction (i) contains much unchanged 
material, but fraction (ii) was crystallised from alcohol, to yield colourless needles, m. p. 86— 
87°, which on crystallisation from acetic acid gave similar needles, m. p. 97-5—98°, identical 
with the 1 : 5-di-tert.-butylacenaphthene prepared above. 

x-Bromo-1-tert.-butylacenaphthene.—Bromine (1-3 c.c.; 1-1 mols.) in dry chloroform (60 
c.c.) was added to 1-tert.-butylacenaphthene (6 g.) in dry chloroform (60 c.c.), and the mixture 
was left at room temperature for 1 hour; hydrogen bromide was evolved and the solution 
became deep yellow. Concentration to 40 c.c., followed by addition of absolute alcohol (50 c.c.), 
gave an oil, which afforded colourless prisms (from absolute alcohol) (4-2 g., 51%), m. p. 89-5— 
90-5°, of the monobromo-derivative (Found: Br, 27-3. C,,H,,Br requires Br, 27-7%). 

x-Bromo-1 : 6-di-tert.-butvlacenaphthene.—In similar manner, 1 : 6-di-tert.-butylacenaphthene 
(5 g.) and bromine (1-2 c.c.) gave colourless prisms, m. p. 138—139° (from alcohol) (4-5 g., 
82%) (Found: Br, 23-4. C,,H,;Br requires Br, 23-2%), of the monobromo-derivative, together 
with a small amount (0-5 g., 9%) of an isomer, more soluble long colourless needles, m. p. 212— 
213° (Found : Br, 226%). Nodibromo-derivative was isolable even when 2—3 mols. of bromine 
were used, the products again being the above two isomers. 

1:3: 6-Tyri-tert.-butylacenaphthene.—(a) In the tert.-butylation of acenaphthene with ferric 
chloride in boiling carbon disulphide (Part V), a fraction, b. p. 210—220°/0-6 mm., was obtained, 
which set to a yellow glass. Repeated crystallisation from alcohol gave almost colourless 
plates, m. p. 133-5—134°, b. p. ca. 390°, of 1 : 3: 6-tri-tert.-butylacenaphthene (Found: C, 89-3; 
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H, 10-7. C,,H,, requires C, 89-4; H, 106%). The m. p. 135—136-5°, of 1 : 6-di-tert.-butyl- 
acenaphthene, was depressed to 115—-118°. The new hydrocarbon does not form a picrate in 
dry alcohol. 

(b) Ferric chloride (2-2 g.) was added to 1-tert.-butylacenaphthene (5 g., 1 mol.) in boiling 
carbon disulphide (30 c.c.), tert.-butyl chloride (6-5 c.c., 2-5 mols.) was introduced slowly, and 
the mixture was boiled for 1 hour. In the usual way, fractions, 4-6 g. of b. p. 180—208°/0-6 mm. 
(mixture) and 5-1 g. of b. p. 208—-216°/0-6 mm., were obtained. The latter fraction crystallised 
from alcohol, to yield almost colourless plates of 1 : 3: 6-tri-tert.-butylacenaphthene, m. p. and 
mixed m. p. with the product from (a) 133-5—134?°. 

(c) 3-tert.-Butylacenaphthene (5 g.) similarly afforded a fraction, b. p. 212—220°/0-6 mm., 
and thence 3-4 g. of pure 1 : 3: 6-tri-tert.-butylacenaphthene, m. p. 133-5—134°. 

(d) 1: 6-Di-tert.-butylacenaphthene (20 g., 1 mol.), tert.-butyl chloride (15 c.c., 1-4 mols.), 
and ferric chloride (4-2 g.) in boiling carbon disulphide afforded a fraction, b. p. 180—185°/0-3 
mm. (17-3 g.), and thence 1 : 3: 6-tri-tert.-butylacenaphthene (13-8 g.), m. p. 133-5—134°. 


The authors thank Imperial Chemical Industries Limited, Dyestuffs Division, for gifts of 
chemicals. One of them (E. I.) is indebted to the Worshipful Company of Clothworkers for a 
Scholarship. 
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516. N-Carboxy-anhydrides of O-Acetyl- and O-Carbobenzyloxy-serine. 
By MAX FRANKEL and M. HALMANN. 


O-Acetyl-N-carbobenzyloxyserine, prepared from N-carbobenzyloxyserine 
and acetyl chloride, on reaction with phosphorus pentachloride yielded 
O-acetyl-N-carboxyserine anhydride. This when heated to 105° in a vacuum 
lost carbon dioxide and formed poly-(O-acetylserine) with an average degree 
of polymerization of ten. O-Carbobenzyloxy-N-carboxyserine anhydride 
was prepared from ON-dicarbobenzyloxyserine and phosphorus penta- 
chloride; it reacted with atmospheric moisture to form O-carbobenzyloxy- 
serine. 


WuiteE N-carboxy-anhydrides of several neutral, basic, and acidic amino-acids have been 
prepared, and have been of considerable use as monomers in the synthesis of polypeptides, 
no N-carboxy-anhydrides of amino-acids containing an aliphatic hydroxylic function 
have been described. The present paper describes the preparation of N-carboxy-anhydrides 
of O-acetyl- and O-carbobenzyloxy-serine, in continuation of previous work (see Frankel 
and Berger, J. Org. Chem., 1951, 16, 1513). 

DL-Serine was converted by the action of benzyl chloroformate into a mixture of 
N-carbobenzyloxy- (I) and ON-dicarbobenzyloxy-serine (II) by Bergmann and Zervas’s 
(Ber., 1932, 65, 1194) and Levene and Schormueller’s procedures (J. Biol. Chem., 1934, 
105, 551). The mixture was separated by fractional crystallization. 

N-Carbobenzyloxyserine (I) with acetyl chloride gave O-acetyl-N-carbobenzyloxyserine 
(III), from which, by the action of phosphorus pentachloride, O-acetyl-N-carboxyserine 
anhydride (IV) was obtained : 


AcCl Pcl, 
HO-CH,°CH-NH:CO,°CH,Ph —— > AcO-CH,’°CH:NH’CO,°CH,Ph ——> AcO-CH,: H-NH-CO 
(I) CO,H (IIT) O,H (IV) O——Q 


PCl, 
CH,Ph-O-CO,°CH,°CH:NH:-CO,°CH,Ph ——> CH,Ph-O-CO,°CH,’CH*NH-CO 
: . ge (II) ‘ ; gn toed (V) 
H-(NH-CH(CH,OAc)-CO],"OH 
(VI) 

Similarly ON-dicarbobenzyloxyserine (II) reacts with phosphorus pentachloride to form 
O-carbobenzyloxy-N-carboxyserine anhydride (V) (see Frankel and Katchalski, “‘ Sci. 
Papers presented to Ch. Weizmann,”’ 1944, Jerusalem, pp. 24, 74). 

O-Acetyl-N-carboxyserine anhydride (IV) behaved as a typical ‘‘ Leuchs anhydride ”’ 
(Leuchs, Ber., 1906, 39, 857; Leuchs and Geiger, Ber., 1908, 41, 1721; Leuchs and Manasse, 
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Ber., 1907, 40, 3235); when heated in a vacuum to about 105° it evolved carbon dioxide 
with vigorous foaming. After 2 hours an amount of carbon dioxide approximately 
equivalent to the anhydride had been released; on the walls of the vessel a light-brown, 
almost transparent hard film had formed, which became sticky on exposure to the 
atmosphere. Its composition, as well as the ratio of ‘ total nitrogen ’’ to free “‘ amino- 
mitrogen,’’ showed it to be poly-(O-acetylserine) of an average degree of polymerization of ten 
(VI; = 10). It was insoluble in water but easily soluble in dilute acids or bases, and 
gave a strong positive biuret reaction. 

O-Carbobenzyloxy-N-carboxyserine anhydride (V) also lost carbon dioxide when 
heated; however, even after 8 hours’ heating at 100—105° in a vacuum the decrease in 
‘‘amino-nitrogen’’ showed it to have then a degree of polymerisation of only about five. The 
product was a dark brown glassy film, which apparently was a polypeptide of O-carbo- 
benzyloxyserine. When hydrogen was passed through a dispersion of the compound in acetic 
acid, and phosphonium iodide added (Harington and Mead, Biochem. J., 1935, 29, 1605; 
Greenstein, J. Biol. Chem., 1937, 118, 321), carbon dioxide was evolved vigorously. On 
evaporation of the acetic acid, a white powdery substance remained which was easily 
soluble in water, giving positive ninhydrin and biuret reactions; it apparently contained 
a polypeptide of serine. 

Wessely (Z. physiol. Chem., 1925, 146, 72) and Go and Tani (Bull. Chem. Soc., Japan, 
1939, 14, 510) have shown that freshly prepared crystalline N-carboxy-anhydrides of 
amino-acids, on exposure to moist air, undergo polymerization to poly-(«-amino-acids) 
even at room temperature. Miller, Fankuchen, and Mark (J. Appl. Phys., 1949, 20, 531), 
by observing the change in the X-ray spectrum of crystalline e-carbobenzyloxy-«-N- 
carboxy-L-lysine anhydride, proved that the polymerization reaction took place in the 
solid state. It was therefore expected that O-carbobenzyloxy-N-carboxyserine anhydride, 
on contact with atmospheric moisture, would also polymerize. However, when the 
anhydride was exposed for 20 days in an open vessel, it was hydrolyzed to O-carbobenzyl- 
oxyserine. 

EXPERIMENTAL 
(M. p.s are uncorrected.) 


Carbobenzyloxy-derivatives of Serine (Bergmann and Zervas, loc. cit.; Levene and 
Schormueller, Joc. cit.; Fruton, /. Biol. Chem., 1942, 146, 465).—p1-Serine (6°4 g.; Merck) was 
dissolved in sodium hydroxide (60 ml.; N), and during $ hour benzyl chloroformate (12 g.) 
and sodium hydroxide (20 ml.; 4N) were added alternately in small portions with constant 
shaking and cooling in ice-water. Concentrated hydrochloric acid was then added until the 
solution was acid (Congo paper). The precipitated oil was kept overnight in the ice-box, and 
the crystals were filtered off, dried in a vacuum-desiccator, and recrystallized from ethyl acetate, 
giving N-carbobenzyloxyserine (8 g.), m. p. 123°. 

On concentration of the mother-liquor (Levene and Schormueller, Joc. cit.) in a vacuum a 
yellowish crystalline mass remained; this was dissolved in a small amount of hot benzene, and 
after 1 day crystalline ON-dicarbobenzyloxyserine (2 g.), m. p. 94°, had formed. 

O-Acetyl-N-carbobenzyloxyserine.—-A suspension of N-carbobenzyloxyserine (3-0 g.) in dry 
benzene (300 ml.) was heated on a water-bath and acetyl chloride (6 ml.) was added; a vigorous 
evolution of hydrogen chloride ensued. Boiling was continued for an hour, and the benzene 
was then distilled off in a vacuum. The residual oil crystallized, giving colourless O-acetyl- 
N-carbobenzyloxyserine to which in ethyl acetate a little light petroleum was added. Overnight 
large prismatic crystals (2-97 g., 84%), m. p. 116—118°, developed (Found: C, 55-5; H, 5-6; 
N, 5-2; Ac, 15-7. Cy3H,,O0,N requires C, 55-5; H, 5-4; N, 5-1; Ac, 15-3%). 

O-Acetyl-N-carboxyserine Anhydvride.—O-Acetyl-N-carbobenzyloxyserine (1-2 g.) suspended 
in dry ether (15 ml.) was shaken with phosphorus pentachloride (1-5 g.), added in portions during 
40 minutes with cooling to about —10°. The solution was filtered and the ether and phosphorus 
oxychloride were distilled off in a vacuum at 40°. Dry ethyl acetate was added and then 
evaporated and, after repetition of this operation, the temperature was kept for several hours 
at 50°. The residual yellow oil was dissolved in ethyl acetate and precipitated with light 
petroleum. When rubbed with small amounts of light petroleum the oil gradually became 
more viscous, and finally after storage overnight over phosphoric oxide in a vacuum desiccator 
in the ice-box the anhydride crystallized to a white, very hygroscopic powder (0-63 g., 85%) 
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(Found: C, 41-7; H, 42; N, 83; Ac, 24-6. C,H,O,N requires C, 41-6; H, 41; N, 31; 
Ac, 249%). 

Poly-(O-acetylserine).—O-Acetyl-N-carboxyserine anhydride (0-47 g.) was dried by being 
heated in a high vacuum for 3 hours at 50°. The temperature was then raise to 105—110°, 
causing a sudden violent evolution of gas. After 2 hours’ heating the film (0-34 g.) on the walls 
of the tube was dissolved in acetic acid and precipitated with dry ether. After three such purific- 
ations the poly-(O-acetylserine) was washed several times with ether (Found: C, 45-0; H, 5-1; 
N, 10-0; Ac, 33-0; amino-N, 0-98. C,,H,,0,,N,, requires C, 45-9; H,5-5; N, 10-7; Ac, 32-9%). 

O-Carbobenzyloxy-N-carboxyserine Anhydride (cf. Frankel and Katchalski, loc. cit.).—-ON-Di- 
carbobenzyloxyserine (1-5 g.) suspended in ether (28 ml.) was cooled to —10°, and phosphorus 
pentachloride (2-1 g.) was added portionwise during 20 minutes. The excess of phosphorus 
pentachloride was filtered off and the solution evaporated in a vacuum at 40° (1 hour), The 
residual oil was dissolved in ethyl acetate and the evaporation in a vacuum continued for 
a further 2 hours. The oil was then dissolved in hot ethyl acetate, and light petroleum added. 
When rubbed, O-carbobenzyloxy-N-carboxyserine anhydride (0-75 g., 71%) was obtained crystalline, 
m. p. about 95° (decomp.) (Found: C, 53-8; H, 3-9; N, 5-5. C,,.H,,O,N requires C, 54:3; H, 
4-1; N, 53%). 

When the anhydride was heated in a high vacuum to 100—105°, it melted, and a strong 
evolution of gas started suddenly. After 2 hours’ heating there remained a light-brown glassy 
film which was rather hard but brittle, and deliquescent in air. The substance, poly(carbo- 
benzyloxyserine), was insoluble in water, but soluble in hot glacial acetic acid, from which it was 
precipitated on addition of water (cf. Breuer, Thesis, The Hebrew University, Jerusalem, 1951) 
[Found: C, 59-5; H,5-0; N, 64. (C,,H,,0O,N), requires C, 59-7; H, 5-0; N, 63%] (These 
analyses are by Drs. Weiler and Strauss, Oxford). 

O-Carbobenzyloxyserine.—O-Carbobenzyloxy-N-carboxyserine anhydride was left in an open 
vessel for 20 days. Colourless O-carbobenzyloxyserine remained ; it showed a strong blue reaction 
with ninhydrin, and had m. p. 132° (Found: N, 6-1; amino-N, 5-8. C,,H,,0,;N requires N, 
5-9; amino-N, 5-9%). 

DEPARTMENT OF ORGANIC CHEMISTRY, 
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517. Studies in the Sterol Group. Part LV.* Ulitra-violet 
Absorption Spectra of Ethylenic Centres. 
By Peter Biapon, H. B. HENBEsT, and GEorrFREY W. Woon. 


The ultra-violet light absorptions of various unsaturated steroids have 
been determined spectrophotometrically in the 2050—2250-A region. 
Isolated ethylenic bonds show appreciable absorption in this region, the 
intensity of absorption depending primarily on the degree of substitution of 
the double bond, but also on various environmental factors. It thus becomes 
possible to determine the degree of substitution (and sometimes the actual 
position) of a steroid double bond. For instance, the presence of either of 
the two tetrasubstituted bond types (A®® and A®*) can be readily 
determined. For this reason, and also because hydroxyl, acetoxyl, and 
carbonyl groups exhibit only low-intensity absorption, measurements in this 
region provide a valuable adjunct to infra-red techniques. As an example of 
the use of the method in structural problems, Westphalen’s diol is shown to 
contain a A®-bond, and not a A®’-bond as is more commonly accepted. 

The accuracy of the measurements is discussed with particular reference 
to the intrusion of ‘‘ false energy ’’ in this shorter-wave region. 


THE main absorption bands of isolated ethylenic linkages are situated in the ultra-violet 
in the 1600—2000-A region (cf. Platt and Klevens, Rev. Mod. Physics, 1944, 16, 182; Carr, 
Chem. Reviews, 1947, 41, 293). It is also now well established that the position and 
intensity of maximal absorption is dependent on the degree of substitution of the double 
bond, increasing substitution moving the absorption band to longer wave-lengths as in 
conjugated dienes (Carr and Walker, J. Chem. Physics, 1936, 4, 751; Price and Tutte, 
Proc. Roy. Soc., 1940, 174, 207). Vapour-phase measurements below 2000 A have been 


* Part LIV, J., 1952, 2380. 
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made by vacuum spectrographic techniques, but more recently solutions of olefins have 
been employed, since many (chemically) saturated solvents (e.g., n-hexane) transmit 
sufficient light down to at least 1800 A when carefully purified (Platt and Klevens, loc. cit.). 

In the 2100—2300-A region, measurements with a photographically recording small 
quartz spectrograph have shown that olefins (such as cyclohexene) exhibit appreciable 
““end absorption ’’ (Bateman and Koch, J., 1944, 600). The shift of this absorption tail 
towards longer wave-lengths with increasing substitution of the double bond was also 
observed, and it was pointed out that measurements performed in this region might be of 
use in determining the degree of substitution of olefins. 

It has now been found that, by using a quartz spectrophotometer, absorption values 
can be obtained down to about 2050 A (cf. Doub and Vandenbelt, J. Amer. Chem. Soc., 
1947, 69, 2714), and the absorptions of a range of steroids containing isolated ethylenic 
bonds have now been determined with one of these instruments. Saidel, Goldfarb, and 
Kalt (Science, 1951, 118, 683) and Vandenbelt, Henrich, and Bash (idid., 1951, 114, 576) 
have shown that false energy (scattered light) causes decreases in absorption intensities in 
the shorter wave regions—the effect of such factors on the present measurements is 
discussed below (Table, H, and Discussion of Method). 

A brief account of this work has been published previously (Chem. and Ind., 1951, 866). 


EXPERIMENTAL 


The results shown in the Table (A—G) below were obtained with a Unicam instrument 
(model S.P. 500), a hydrogen lamp and a 0-5-cm. absorption cell being used, although more 
recently a 0-l-cm. cell mounted in a special holder has been employed with advantage. 
‘ Clinical absolute alcohol,” transmitting sufficient light down to 2050 A or below, was generally 
used as the solvent. Moser (Nature, 1951, 167, 656) has recently suggested that even carefully 
purified ethanol is not suitable for work below 2100 A, but in our experience this solvent gives 
more than 50% transmission (relative to air) at 2050 A in a thickness of 1 mm., and has proved 
quite satisfactory. Commercial 95% ethanol (2-5 1.), purified by being heated under reflux 
with zinc dust (50 g.) and potassium hydroxide (50 g.) for 2 hours and then distilled (the first 
and last 10% of the distillate being rejected), has been found to be as good as, and usually 
better than, the (unpurified) clinical absolute solvent in optical transparency. It has the added 
advantage of being less expensive, but it possesses an occasional disadvantage in being a some- 
what less powerful solvent than the more anhydrous material for most steroid compounds, 
especially hydrocarbons. Determinations have also been carried out in cyclohexane, purified by 
being shaken with concentrated sulphuric acid and then passed through silica gel (cf. Table, G)— 
essentially similar absorption curves were obtained. Ethanol is preferable as a routine solvent 
because it dissolves a wider range of steroid compounds; the optical transparency of the 95% 
ethanol purified by the above simple procedure was usually greater than that of the cyclohexane, 
although it is probable that this could be reversed by the use of more elaborate methods of 
purifying the latter (cf. Pestemer, Angew. Chem., 1951, 63, 118). The concentration of the 
solution under examination was adjusted so that the highest optical density value (E) lay 
between 0-3 and 0-5. 

With every unsaturated compound examined, a position of maximal absorption was 
observed (see later), but the readings taken at wave-lengths below the maximum were often not 
satisfactory, reproducible density values being difficult to obtain owing to the relative 
insensitivity of the instrument. In order to obtain the best results in the 2050—2250-A region 
it was necessary to employ a hydrogen lamp that had not been used for more than 200 hours, 
and also to ensure that it was focused correctly. 

Materials.—Most of the compounds examined were either prepared and purified by recorded 
methods or obtained by purification of commercial samples to constant m. p. The m. p.s of 
the compounds described below were determined on a Kofler block. Optical rotations were 
determined in chloroform solution in a 1-dm. tube at 18—25° unless stated otherwise. The 
P. Spence alumina (Grade O) used for chromatography had an activity between 2 and 3 on the 
Brockmann-Schodder scale (Ber., 1941, 74, 75). 

Chol-11-ene-3« : 24-diol. Methyl-3«-acetoxychol-ll-enate {m. p. 100—102°, [a], +45° 
(c, 0-715 in methanol); 0-5 g.,} dissolved in dry ether (15 c.c.), was added with stirring to a two- 
fold excess of lithium aluminium hydride in ether, the solution then being heated under reflux 
for 1 hour. The product was recrystallised from methanol, to give the diol (0-45 g.) as plates, 
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Light absorption in ethanol (a are in A). 


A. Non-ethylenic compounds. 


Cholestanol 
Cholestanyl acetate 
Cholestanone 


B. Compounds with disubstituted olefinic bonds. 


A*-Steroid. 
Cholest-2-ene 

A®-Steroids. 
Cholest-6-ene-38 : 5a-diol 
38-Acetoxycholest-6-en-5a-ol 

A"-Steroids. 
Chol-11l-ene-3a : 24-diol 
3a-Hydroxychol-11-enic acid 


A‘-Steroid. 
Cholest-4-ene 
AS-Steroids. 
Cholest-5-ene 
Cholesterol 
Cholesteryl acetate 
Cholestery! chloride 
Cholesteryl bromide 
Chol-5-ene-38 : 24-diol 
B-Sitosterol 
24(: 28)-Dihydrofucosterol 
Dehydroepiandrosterone 
Pregnenolone 
7a-Hydroxycholesterol 
78-Hydroxycholesterol 
7a-Methoxycholesterol 
A’-Steroids. 
Ergost-7-ene 
Ergost-7-en-3f-ol 
38-Acetoxyergost-7-ene 
A®%)_ Steroids. 
Methy] chol-9-enate 
Chol-9-en-24-ol 
A™-Steroids. 
Ergost-14-en-38-ol 
38-Acetoxyergost-14-ene 


Cf. Citronellol 


A*®). Steroids. 
Cholest-8-ene 
Cholest-8-en-38-ol 
Cholest-8-en-3-one 

A®4®. Steroids. 
Ergost-8(14)-ene 
Ergost-8(14)-en-38-ol 
38-Acetoxyergost-8(14)-ene 
Ergost-8(14)-en-3-one 
Cholest-8(14)-en-38-ol 
38-Acetoxycholest-8(14)-ene 
Ergosteryl B, acetate—maleic 

hydride adduct 

A%10)_ Steroids. 
Westphalen’s diol 

a diacetate 
diketone 


Armax. 


2070 
2070 
2070 


2075 
2080 
2090 
2080 
2080 
2080 


2100 
2050 


2060 
2050 


2030 


2040 
2040 


2030 
2050 


2030 


2040 
2030 
2030 
2050 
2100 
2030 
2030 
2040 
2040 
2040 
2050 
2050 
2060 


2070 
2070 
2080 


2060 


2040 


Emax. 


4600 
4700 


10,000 
73800 


600 


1300 
1700 


2500 
2400 


C. Compounds with trisubstituted olefinic bonds. 


4000 


3700 
3400 
2800 
4700 
3000 
2800 
2800 
3300 
3300 
3300 
3700 
4100 


4200 
4500 
4900 


3400 
3700 


4100 
4100 
2400 
D. Compounds with tetrasubstituted olefinic bonds. 


E2100 


4400 
4500 
4400 


10,100 
9500 
10,500 
9500 
9900 
9800 


8600 
7700 


8400 
6300 


200 


600 
900 


800 
1000 


3000 


2800 
1400 


£2150 


3900 
4000 
4000 


8400 
8100 
9200 
7500 
8300 
8600 


7900 
4700 


5100 
5000 


* See below in Discussion of Method. 


£2200 


3400 
3500 
3500 
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E. Unconjugated dienes. 


Emax. £2150 

Stigmasterol 2 3800 600 
Fucosterol : 4300 22 1000 
(fee 2050 6700 56 4800 
Cf. Cholest-8-en-38-ol + (at 2050) (6900) f 4600 
Zymostadienone 2050 6800 j 4800 
Cf. Cholest-8-en-3-one + citronellol (6900) 4600 
Ergosta-7 : 22-diene 2 5400 3500 
Ergosta-7 : 22-dien-38-ol 204: 5700 3300 
38-Acetoxyergosta-7 : 22-diene : 6100 i 3900 
Pregna-5 : 17-diene-38 : 21-diol 20: 6000 1600 


F. Bile acid derivatives. 
apoCholic acid 2080 7000 4700 
Methyl apocholate 2080 9000 6300 
Dihydroxycholenic acid 3600 2600 1000 
Methyl dihydroxycholenate 205 3500 2500 900 


G. Light absorptions in cyclohexane. 
Ergost-7-ene 2090 4400 4300 3400 
Ergost-7 : 22-diene 2070 4800 4600 3500 
Ergost-8(14)-ene 2095 8700 8700 8000 


H. Light absorptions recorded with various instruments. 


E2100 E2150 E2200 

Ergost-8(14)-ene ... Hilger small quartz spectrograph --- 10,800 7400 
Manchester Unicam 10,100 8400 2 5700 

Birmingham Unicam 10,300 8300 6300 

Birmingham Uvispek 6100 8000 5400 


Cholest-8(9)-ene ... Hilger small quartz spectrograph 5400 5000 i 3900 
Manchester Unicam 4400 3900 3400 
Ergost-7-ene Hilger small quartz spectrograph 4500 3500 y 1400 
Manchester Unicam 3500 2900 22 1500 


Refs. 1, This paper. 2, Kindly supplied by Dr. K. Folkers. 3, Bladon, Fabian, Henbest, Koch, 
and Wood (J., 1951, 2402). 4, Kindly supplied by Dr. D. H. R. Barton. 5, Kindly supplied by 


Dr. V. Petrow. 6, Kindly supplied by Dr. R. K. Callow. These compounds were recrystallised from 
methanol and dried at 20° in a vacuum-desiccator; the presence of one molecule of methanol of 
crystallisation was assumed in calculation of the ¢ values quoted above. 


m. p. 193—194°, [a], +42° (c, 0-76) (Found: C, 80-45; H, 11-15. C,,H,,O, requires C, 79-95; 
H, 11-2%). Acetylation gave the diacetate, crystallising from methanol in needles, m. p. 67—69°, 
‘a)p +48° (c, 0-94) (Found: C, 75-45; H, 10-1. C,,H,,O, requires C, 75-6; H, 10-0%). 

Chol-5-ene-38 : 24-diol [with Dr. C. W. GREENHALGH]. A solution of methyl 3$-hydroxy- 
chol-5-enate (10 g.) and lithium aluminium hydride (1-5 g.) in dry ether (650 c.c.) was heated 
under reflux for 3 hours. After cooling, the excess of reagent was decomposed with white dilute 
sulphuric acid, and the diol (7-0 g.), m. p. 192—194°, isolated by filtration. Concentration of 
the ethereal layer gave more diol (1-6 g.), m. p. 188—191°. Recrystallisation from methanol 
afforded the pure diol as plates, m. p. 194—195°, [«]) —47° (c, 0-46) (Found: C, 80-1; H, 11-5. 
CosHyoO, requires C, 79-95; H, 11:2%). It gave the diacetate, crystallising from methanol— 
acetone as flat needles, m. p. 130—130-5°, [«]) —46° (c, 0-76) (Found: C, 75-7; H, 10-1. 
C,y,H,4,O, requires C, 75-6; H, 10-0%). 

Cholesta-8(9) : 24-dien-3-one (Zymostadienone). A solution of aluminium {#er/.-butoxide 
(6 g.) in dry benzene (100 c.c.) was added to zymosterol (3 g.) in dry acetone (60 c.c.), the mixture 
being heated under reflux for 6 hours. Most of the mesityl oxide was removed from the steroid 
product by the addition of xylene (7-5 c.c.), followed by evaporation in vacuo. The product 
was chromatographed on alumina (100 g.); development with benzene gave the ketone, which 
after recrystallisation from methanol formed fine needles (1-7 g.), m. p. 99-5—102°, [a], +65° 
(c, 1-40) (Found: C, 84-4; H, 11-15. C,,H,,O requires C, 84-7; H, 11-1%). 

Ergosta-7 : 22-dien-3-one. This ketone was prepared by chromic acid oxidation of «-di- 
hydroergosterol (5 g.) by the general method described in Part LII. Recrystallisation of the 
chromatographed product from acetone gave the ketone (3 g.) as plates, m. p. 177°, [a]p +1-5° 
(c, 1:24) (Found: C, 84-6; H, 11-5. Calc. for C,,H,,O: C, 84-8; H,11-2%). Barton and Cox 
(J., 1948, 1336) give m. p. 184-5°, [a]p +2° (c, 1-54). Elution of the chromatogram with ether 
gave unchanged sterol (0-7 g.), m. p. 171—174° (after recrystallisation from ethanol). 

Ergosta-7 : 22-diene. The foregoing ketone (1 g.) was heated with hydrazine hydrate 
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(7 c.c. of 60% w/v) and a solution of sodium (1-25 g.) in ethanol (25 c.c.) in an autoclave at 
190—215° for 5 hours. The steroid was isolated with pentane and chromatographed on alumina 
(50 g.). Elution with pentane gave ergosta-7 : 22-diene (0-86 g.), which after recrystallisation 
from ethyl acetate—methanol formed platelets, m. p. 125—127°, [«]p —17° (c, 1:3). Heilbron, 
Spring, and Webster (J., 1932, 1705) give m. p. 124—125°, [a], —10° (c, 1-8). 

Citronellol. The commercial material contains some geraniol, which was removed by shaking 
a light petroleum (b. p. 40—60°) solution with manganese dioxide, followed by treating the 
whole product with semicarbazide acetate. Geraniol was converted by this treatment into 
citral semicarbazone, and distillation afforded pure citronellol, b. p. 116°/20 mm., nm}? 1-4569. 





Disubstituted olefins. 
I, Cholest-2-ene. 
II, Chol-11l-ene-3a : 24-diol. 
Trisubstituted olefins. 


III, Cholest-4-ene. 

IV, Cholest-5-ene. 

V and VA, Ergost-7-ene. 
Tetrasubstituted olefins. 

VI and VIA, Cholest-8(9)-ene.. 

VII and VIIA, Ergost-8(14)-ene. 


lull-line curves are ‘‘ Unicam ”’ results. 
Broken curves are “ Hilger’’ small 
quartz spectrograph results. 








I II 
ined i 
2150 
A(A) 





DIscUSSION 

Method.—It is important to emphasise that the light-absorption maxima observed in 
the present work are only ‘“‘ apparent maxima,”’ and are not located at the true positions of 
maximal absorption for the olefins concerned. For instance, cholest-2-ene shows an 
apparent maximum at 2030 A, whereas the simpler cis-disubstituted olefin, cyclohexene, 
has Amax. at 1820 A (ec = 6600) (Platt, Klevens, and Price, J. Chem. Phys., 1949, 17, 466). 
The decreasing absorption recorded at the shorter wave-lengths is due to the rapid increase 
of the relative contribution of false-energy (scattered light) factors, dependent mainly on 
instrument design and the intensity (or age) of the light source. Measurements above the 
apparent maximum were also affected to an appreciable extent for the same reasons. 
Confirmation was provided by comparing the Unicam absorptions of ergost-7-ene and 
cholest-8(9)-ene with those determined with a small quartz spectrograph (for these 
determinations we are greatly indebted to the late Dr. H. P. Koch), such measurements 
being known not to be influenced by the intrusion of false energy. Although readings with 
the quartz spectrograph could only be obtained down to approximately 2120 A, the 
appreciably higher e values obtained above this wave-length (see Figure and Table, H) 
show that the values obtained from the spectrophotometric instrument in this region are 
lower than the true ones, the differences diminishing with increasing wave-length. With 
other instruments, the apparent maximum may be found at different wave-lengths, and has 
sometimes been thought to be a true absorption maximum. For instance, Bader (Helv. 





2742 Bladon, Henbest, and Wood: 


Chim. Acta, 1951, 34, 1632) has suggested that citronellol exhibits maximal absorption at 
2120 A (ec = 950), whereas with our instrument the maximum was situated at 2040 A 
(ec = 2400). 

It has been pointed out by Vandenbelt, Henrich, and Bash (Science, 1951, 114, 576) 
that deviations from Beer’s law may occur in the 2200-A region, which may often be 
connected with false-energy factors. In the present work, no deviations from Beer’s law 
were observed above 2150 A, but below this wave-length some dependence of absorption on 
concentration was observed. For this reason, it is advisable to make absorption measure- 
ments for each double-bond position on solutions of similar concentration—as mentioned 
earlier, this was carried out by keeping the density reading at Amax. within the range 0-3— 
0-5. 

The ¢ values given in Tables A—G were reproducible to within 5% (usually less) with 
our particular instrument, but some variation may be expected between two different 
instruments of the same make in the 2050—2250-A region depending on the degrees of 
perfection of the optical systems. Through the courtesy of Professor M. Stacey, the light 
absorption of ergost-8(14)-ene has been determined with two different spectrophotometers 
at the Birmingham University Chemistry Department (cf. Table H). The Birmingham 
Unicam instrument gave intensity values rather similar to those obtained on our instrument. 
The Uvispek instrument gave slightly lower < values in the 2150—2200-A region, and the 
position of the apparent maximum was located at an appreciably longer wave-length than 
that recorded with the Unicam instruments. 

Despite the fact that the spectrophotometrically recorded intensity values are somewhat 
lower than the true values in this region, such measurements often provide a convenient 
empirical method for gaining information regarding double-bond positions, especially tf the 
absorptions of suitable reference compounds of known structure are recorded before the 
absorptions of compounds of unknown constitution are studied. Alternatively, an 
estimate of the true absorption may be obtained by evaluating the scattered light and 
calculating suitable corrections (Eglinton, Jones, and Whiting, forthcoming publication). 

Recent improvements in the design of vacuum spectrographs and hydrogen lamps 
indicate that it should not be long before instruments for the accurate determination of 
the light absorption of organic substances in the far ultra-violet region become available, 
but the techniques described in this paper are sufficiently accurate to afford a useful interim 
procedure. 

Results.—The results show that absorption measurements in the 2050—2250-A region 
can usually decide (in the absence of strong absorption at longer wave-lengths) whether 
olefinic unsaturation is present in a steroid molecule. Of special interest is the fact that 
ester and carbonyl groups exhibit only low-intensity absorption in this region (Table A), 
for these groups often render difficult the detection of double bonds by infra-red 
spectroscopy. 

The absorption due to a steroid ethylenic bond appears to depend on (a) the degree of 
substitution, (b) whether it is in an exocyclic position, (c) the absorption of (potential) 
adjacent olefinic centres, and (d) the influence of neighbouring substituents or groups— 
these factors will be discussed in this order. 

From the Figure, it can be seen that the absorption intensity increases with increasing 
substitution on the double bond. This is probably due to a bathochromic displacement of 
the absorption band, an increasing area of end absorption being recorded. 

The steeper, more intense (at 2100 A) curves of A8@4-bonds are in marked contrast 
with the relatively flat curves of A®®-steroids. The ready detection of the presence of 

either of these bonds by the present method is a matter of some im- 
portance, for they cannot be detected by infra-red spectroscopic methods 
(Bladon, Fabian, Henbest, Koch, and Wood, Joc. cit.). The greater 
absorption of the A®%@-bond is probably connected with its doubly 
exocyclic position compared with the endocyclic A&-bond—conjugated 
dienes containing one or more of the double bonds in an exocyclic position 
are well known to exhibit bathochromic shifts of their absorption bands. The exocyclic 
position of steroid nuclear trisubstituted olefinic bonds is probably the chief reason why 





1952] Studies in the Sterol Group. Part LV. 2743 


they absorb more strongly than the corresponding non-exocyclic bond in citronellol 
(Table C). 

Nuclear trisubstituted bonds exhibit rather similar absorptions, with the exception of 
A’-compounds, which show appreciably higher absorption intensities. Now, although 
A®- (say) and A’-bonds appear to be very similar, both being exocyclic to a six-membered 
ring, they differ in the types of double bonds that can be potentially formed in adjacent 
positions. Thus, a A®*-bond has a trisubstituted (A*) and a disubstituted bond (A®) as 
immediate neighbours, whereas a A’-bond is adjacent to a tetrasubstituted bond (A*%™ or 
A8@®) and a disubstituted bond (A*), It is suggested that the absorption due to any 
ethylenic linkage is influenced by the absorption of the potentially unsaturated centres 
adjacent to it. Thus a A’-bond possesses some tetrasubstituted olefinic character 
(including the very strongly absorbing A®@-bond), which will cause an increase in 
absorption intensity. Confirmation of these ideas comes from the very similar absorptions 
of cholest-4- and -5-ene, the bathochromic displacement of the apparent maximum of a 
A®%1)_bond relative to a A®-bond, and the increased absorption of A™-steroids compared 
with a A?-compound. This treatment cannot be applied without reserve to the A™-bond, 
since it is located in a (somewhat strained) five-membered ring. 

Introduction of a 3-hydroxyl group into a A®%-olefin (cf. cholest-5-ene and cholesterol) 
significantly lowers the absorption, especially above 2150 A (Table C). This reduction in 
intensity is probably connected with some “‘ vicinal electronic effect ’’ between C,,) and C;,;— 
the effect may be compared with the many chemical reactions in which these two groups 
influence one another. A further noticeable reduction in intensity occurs on acetylation of 
the 3¢-hydroxyl group in a A®-sterol (cf. cholesterol and cholesteryl acetate). However, 
similar acetylation of sterols with double bonds in positions more remote from the hydroxy] 
group tends to raise the absorption intensity slightly. Replacement of the hydroxyl 
group in cholesterol by chlorine increases the absorption, a bromine atom exerting an even 
larger effect. This is not due simply to an additional contribution of the halogen 
absorption. Methyl bromide, for example, exhibits only low-intensity absorption (e = 
182 at 2040 A) in this region (Fink and Goodeve, Proc. Roy. Soc., 1937, A, 168, 595); it is 
more likely that electronic interaction is taking place possibly somewhat similar in 
character to that shown by «-phenylalkyl ketones (Kumler, Strait, and Alpen, J. Amer. 
Chem. Soc., 1950, 72, 1463, 4558). 

No definite conclusions can yet be drawn regarding the effect of groups such as hydroxy] 
and methoxyl attached at allylic positions, except that, with the 7-hydroxy- and 7-methoxy- 
A5-compounds examined, the double-bond absorption still lies in the range for trisubstituted 
olefins. 

As expected, the absorption of an unconjugated diene, in which the double bonds are 
sufficiently separated for interaction to be unlikely, is the sum of the absorptions of the 
component olefins (cf. zymosterol and zymostadienone, Table E). 

Applications.—It has been suggested that the position of the double bond in the 
compound first prepared by Westphalen (Ber., 1915, 48, 1064) by acidic dehydration of 

38 : 68-diacetoxycholestan-5a-ol is A®™® (as inset) (Lettré and 
Miiller, Ber., 1937, 70, 1947) or, alternatively, A®® (Petrow, Rosen- 
heim, and Starling, J., 1938, 677); the latter position has since 
been assumed by Petrow and his co-workers for a variety of 
compounds prepared by acid-induced dehydration of 6-acyloxy-5- 

hydroxy-steroids. 
The relatively high-intensity absorptions of Westphalen’s diol, 
diacetate, and diketone (Table, D) definitely show that these com- 
pounds contain a tetrasubstituted, doubly exocyclic olefinic bond (A®%®® in this case), the 
intensities in the 2150—2200-A region being lowered (relative to the similar A®@ bond type) 
by the neighbouring substituents (as in cholesterol and cholesteryl acetate). Further confir- 
mation of the absence of a A*®)-bond was provided by heating the diketone with alcoholic 
sodium ethoxide, under conditions which have been shown to isomerise a #y-unsaturated 
ketone with a similar degree of alkyl substitution to the corresponding «$-unsaturated ketone 
(Birch, J., 1950, 367). Most (80°) of the diketone was recovered unchanged from this 
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experiment by a single crystallisation, and spectrographic examination of the remainder of 
the material showed the absence of any appreciable quantity of «$-unsaturated ketone(s). 

The position of the double bond in apocholic acid and its congeners has aroused some 
controversy. Through the courtesy of Dr. R. K. Callow, who kindly supplied us with 
several samples, it has been possible to study their light absorption in the 2050—2200-A 
region (Table, F). The high-intensity absorptions of apocholic acid and its methyl ester 
confirm the presence of an 8(14)-double bond, as suggested by Callow (/J., 1936, 462) and by 
Barton (J., 1946, 1116). The somewhat reduced intensity relative to that of ergost-8(14)- 
ene is probably due to vicinal effects of the 3a- and 12«-hydroxyl groups (the former being 
not far from the double bond owing to the cis-configuration of rings A/B). The absorptions 
of dihydroxycholenic acid and its methyl ester are in good agreement with a A!-formulation 
as suggested by Barton (oc. cit.) from molecular-rotation evidence. 

As further examples of the use of these absorption methods in structural problems may 
be mentioned the acidic isomerisation of cycloartenone, containing a non-absorbing cyclo- 
propane ring, into a compound containing a trisubstituted double bond (Barton, /., 1951, 
1444), the detection of endocyclic tetrasubstituted olefinic bonds in the triterpene series 
(Halsall, Chem. and Ind., 1951, 867), and the assistance in confirming the presence of a 
A5-bond in conessine (Haworth, McKenna, Powell, and Whitfield, ibid., 1952, 215). 


The authors thank Professor E. R. H. Jones, F.R.S., for his interest in this work. They are 
also indebted to the late Dr. H. P. Koch and Dr. M. Kasha for helpful discussions, and 
to Drs. Barton, Callow, Folkers, and Petrow for samples. Thanks are offered to Glaxo 
Laboratories for financial assistance (to P. B.), and to the Department of Scientific and 
Industrial Research for a Maintenance Grant (to G. W. W.). 
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518. Mannose-containing Polysaccharides. Part II.* The 
Galactomannan of Fenugreek Seed (Trigonella foenum-greecum). 
By P. ANDREws, L. Houcu, and J. K. N. JONEs. 


The galactomannan of fenugreek seed has been shown to consist of D- 
galactose and D-mannose in the approximate ratio 5:6. Hydrolysis of the 
methylated polysaccharide gave 2: 3: 4: 6-tetramethyl p-galactose (5 parts), 
2:3: 6-trimethyl D-mannose (1 part), and 2: 3-dimethyl D-mannose (5 
parts). In a consideration of these results, the structure of the galacto- 
mannan, and its relation to other galactomannans, is briefly discussed. 


THE endosperms of many leguminous seeds contain galactomannans (Wise and Appling, 
Ind. Eng. Chem. Anal., 1944, 16, 29; Anderson, Ind. Eng. Chem., 1949, 41, 2887); the pro- 
portion of D-galactose to D-mannose in these polysaccharides varies from species to species 
(Anderson, Joc. cit.) and possibly within a species (Hirst and Jones, J., 1948, 1278). It is 
possible that these galactomannans are a mixture of two polysaccharides (e.g., galactan and 
mannan)—in most cases there is no evidence of homogeneity. Structural investigations 
of the galactomannans of carob seed (gum gatto) (Hirst and Jones, loc. cit.; Smith, J. Amer. 
Chem. Soc., 1948, 70, 3249), guar seed (Ahmed and Whistler, J. Amer. Chem. Soc., 1950, 72, 
2524; Rafique and Smith, tbid., 4634; Whistler and Stein, bid., 1951, 73, 4187; Whistler 
and Durso, ibid., p. 4189), clover and lucerne seed (Andrews, Hough, and Jones, ibid., 
forthcoming publication) suggest that they are not mixtures, and that their structure can 
be accommodated by the following basic formulation : 


[ Galp | 
| | (I) 
6 
[4 Manp 8],——|_ 4 Manp 6 _|,—— . . . 


* This paper was read in abstract at the XIIth International Congress of Pure and Applied Chemistry, 
New York, September 1951. Part I, J. Amer. Chem. Soc., in the press. 
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Man? and Gal? represent D-mannopyranose and D-galactopyranose residues respectively, 
linked through the positions specified. The results of X-ray diffraction analysis of guar 
galactomannan (Palmer and Ballantyne, ibid., 1950, 72, 736) are in agreement with this 
structure where x = y. 

If these galactomannans are mixtures of polysaccharides, the only tenable interpretation 
is that they are composed largely of a branched-chain galactomannan, with a much smaller 
amount ofalinearmannan. This conclusion follows from the observation that, in each case, 
the terminal units accounted for all the galactose, and that no mannose was detected as 
end-group. On the balance of the evidence, however, it would appear that the galacto- 
mannans of lucerne seed, clover seed, guar seed, and carob seed do not contain mannan. 
All the galactomannans investigated hitherto contain more mannose than galactose, apart 
from the lucerne seed galactomannan of Hirst, Jones, and Walder (J., 1947, 1443), which 
contained twice as much galactose as mannose and was found by these authors to have a 
structure different from the above (cf. also Andrews, Hough, and Jones, loc. cit.). Daoud 
(Biochem. J., 1932, 26, 255) has described a galactomannan from fenugreek seed, which was 
reported to contain the two hexoses in approximately equal amounts. It was of interest, 
therefore, to investigate the composition and structure of this polysaccharide, since, on the 
above formulation it would be highly ramified, containing about 50°, of terminal galactose 
units. 

The fenugreek (Trigonella fanum-grecum) is a leguminous plant, very similar to clover 
in appearance, which is grown in N. Africa, Asia Minor, India, and Pakistan. The small 
brown seeds, which are borne in long pods, are used for various medicinal purposes, and 
often as a flavouring, ¢.g., in maize bread. 

The polysaccharide was obtained from the milled seed by extraction with cold water. 
A thick mucilaginous solution was obtained, from which the galactomannan was isolated 
via its copper complex. The seed yielded 13-6% of galactomannan, which is similar to the 
amount (15%) estimated by Anderson (loc. cit.) to be present in the endosperm in fenugreek 
seed. It was observed, in preliminary experiments, that the seed material which remained 
after extraction with cold water still contained small amounts of galactomannan, which was 
apparently of the same composition as that already extracted. The milled, but otherwise 
untreated, seeds were also extracted by stirring them with Fehling’s solution at room tem- 
perature; examination of the extract showed that it did not contain more than a trace of 
polysaccharide. This is taken as evidence that the seeds do not contain a galactan, since 
we have found that when Sirychnos nux vomica seeds, which contain water-soluble poly- 
saccharides composed mainly of galactose and mannose, are extracted with Fehling’s solu- 
tion in a similar way, the solution so obtained yields a polysaccharide which, on hydrolysis, 
gives chiefly galactose but no mannose (unpublished results). Further evidence that this 
method is capable of separating a galactan from a mannan was found: when a polysac- 
charide fraction, which had been obtained from the mux vomica seeds and gave only galactose 
and mannose on hydrolysis, was extracted with Fehling’s solution, the soluble polysaccharide 
gave only galactose on hydrolysis. These experiments are being continued. 

Hydrolysis of the fenugreek galactomannan, followed by chromatographic separation 
of the products, yielded crystalline D-galactose and D-mannose. A quantitative estimate 
of the molecular proportions of the two sugars indicated that they are present in the 
galactomannan in the approximate ratio 5 : 6. 

The polysaccharide was next exhaustively methylated with methyl sulphate—sodium 
hydroxide. Fission of the product gave mainly tetramethyl and dimethyl hexoses, with 
only a small amount of trimethyl hexose. After chromatographic separation, the sugars 
were identified as 2:3: 4:6-tetramethyl D-galactose, 2: 3-dimethyl D-mannose, and 
2:3: 6-trimethyl D-mannose respectively, in the approximate molecular proportions of 
5:5:1. The tetramethyl galactose was characterised as its anilide, and the methyl man- 
noses as their crystalline lactones and phenylhydrazides. Clearly, the galactomannan is 
highly branched, with all the galactose units occupying the terminal positions and the points 
of branching situated on mannose units, linked through positions 1, 4, and 6. Formula 
(I), therefore, illustrates one of its possible structures, where 5x = y, and it appears to bear 
a close structural resemblance to the galactomannans of clover, lucerne, guar, and carob 
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seeds. The methyl derivatives of all these polysaccharides, on hydrolysis, yield the same 
three methyl sugars, but in different proportions. This difference is due to the degree of 
branching or amount of end-group, or, more simply, to the galactose content of each 
polysaccharide. 

Periodate oxidation confirmed the methylation results. Thus, the yield of formic acid 
from fenugreek galactomannan corresponded to a proportion of end-group (43-6%), which 
is very close to that revealed by methylation (43-3°%). As has been found with other galac- 
tomannans (Ahmed and Whistler, doc. cit.; Andrews, Hough, and Jones, Joc. cit.), unless a 
much larger concentration of periodate is used than is specified by Brown, Halsall, Hirst, 
and Jones (J., 1948, 27) for the chain-length estimations, some of the mannose residues 
remain unoxidised; in the presence of large excess of periodate, however, the amount of 
periodate consumed (1-49 mols.) is approximately that indicated by methylation (1-45 mols.). 
During this oxidation all the sugar residues are destroyed. 


EXPERIMENTAL 

Sheet-paper partition chromatography was carried out on Whatman No. 1 filter paper by the 

descending method (Partridge, Biochem. J., 1948, 42, 238), with the following solvent systems : 
Duration of 
Mobile phase chromatography 

iE bstituted ( (a) n-Butanol-ethanol—water (40: 11 : 19 parts v/v) 40 hours 

wed en ss aceaaeescae (b) Ethyl acetate—acetic acid—water (9 : 2: 2 parts v/v) 16 hours 

— (c) n-Butanol—pyridine—water (10: 3 : 3 parts v/v) 40 hours 
See (a) above 16 hours 
(d) Benzene—ethanol—water (169 : 47:15 parts v/v; top layer, 


is ce clarified with a little ethanol) 4—6 hours 


For methylated { 

After separation the sugars and methyl sugars were located with ammoniacal silver nitrate 
(Partridge, Joc. cit.) or p-anisidine hydrochloride (Hough, Jones, and Wadman, /., 1950, 1702). 
Solvent mixtures (a) and (b) give a complete separation of galactose and mannose, which are both 
clearly distinguished from glucose, and (b) separates these hexoses from all the pentoses (cf. 
Jermyn and Isherwood, Biochem. J., 1949, 44, 402). The rate of movement of methyl sugars is 
quoted relative to tetramethyl glucopyranose, i.e., Rg value. 

Where only approximate values are given for the relative amount of sugars in the hydro- 
lysates, they were obtained by visual estimation of the colour intensity produced with p-anisidine 
hydrochloride, and by the relative spot sizes (Fisher, Parsons, and Morrison, Nature, 1948, 161, 
764; Brimley, ibid., 1949, 163, 215; Fowler, ibid., 1951, 168, 1123). 

Hydrolyses were performed with N-sulphuric acid at 95—100°, and solutions were concen- 
trated under reduced pressure, unless otherwise stated. 

M. p.s are uncorrected. Optical rotations were determined at 20°. 

Extraction of Polysaccharide from the Seed.—The milled seeds (20 g.) were four times stirred 
with cold water (600-c.c. portions; ca. 1 hour each time). After each extraction the residual 
seed material (A) was separated on the centrifuge and Fehling’s solution added to a small portion 
of the yellow supernatant liquor; the first two extracts gave a considerable precipitate, whilst 
the third gave a little, and the last only a trace. The extracts were combined, and a slight 
excess of Fehling’s solution (30 c.c.) added with stirring. During this process, the viscosity of 
the mixture increased considerably, then suddenly decreased as the copper complex was pre- 
cipitated. The copper complex was separated on the centrifuge, and the supernatant solution 
(B) was retained. The polysaccharide was regenerated from the copper complex by suspending 
the greenish-blue material in ice-cold water (150 c.c.) with vigorous stirring, and adding Nn- 
hydrochloric acid dropwise until solution was just complete. Alcohol (250 c.c.) was then added 
to the solution, and the precipitated polysaccharide isolated on the filter, washed with alcohol 
and then ether, and dried under reduced pressure. The product (2-5 g.), a white fibrous material, 
was incompletely soluble in water; it gave no colour with iodine solution. A small portion (ca. 
5 mg.) of this product was hydrolysed in a sealed tube for 18 hours. The anions present in the 
resulting sugar solution were removed on Amberlite IR-4B ion-exchange resin, and the neutral 
solution concentrated, on a watch-glass, to a syrup on the water-bath. Examination on the 
paper chromatogram indicated the presence of galactose and mannose only, in approximately 
equal amounts. 

The residual material (A; see above) was further extracted with water (500-c.c. portions) at 
70°, until the extract no longer gave a precipitate with Fehling’s solution; two treatments 
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sufficed. The mixtures were centrifuged each time, and the final residue (C) was retained. 
Fehling’s solution (25 c.c.) was added to the combined extracts and the resultant insoluble cop- 
per complex, after separation from the residual solution (D), was worked up as described above, 
to give a white product (0-4 g.). A portion of this polysaccharide, on hydrolysis, gave only 
galactose and mannose, in approximately equal amounts, as indicated by paper chromatography. 

The alkaline solutions (B) and (D), containing Fehling’s solution, were combined, neutralised 
with acetic acid, and dialysed against tap-water until free from copper ions. Addition of an 
excess of alcohol to a portion of this dialysate produced a precipitate, which was isolated and 
hydrolysed as above. Examination of the liberated sugars on the paper chromatogram indi- 
cated the presence of mainly galactose and mannose, with smaller amounts of arabinose and 
xylose. When Fehling’s solution (100 c.c.) was added to the dialysate, a precipitate was formed 
after about 5 minutes. This copper complex was isolated on the centrifuge, and worked up to 
give some polysaccharide (0-3 g.), which yielded approximately equal amounts of galactose and 
mannose on hydrolysis. The reason why this material escaped precipitation when Fehling’s 
solution was first added to the aqueous solutions is not known. 

The residual material (C) was further extracted with 5% sodium hydroxide solution (500-c.c. 
portions) at 70°. Only the first two extracts gave a precipitate with Fehling’s solution; they 
were combined, and the latter reagent (50 c.c.) was added. The precipitated copper complex 
was isolated, and the polysaccharide regenerated as described above. The product, a white 
fibrous material (0-7 g.), yielded galactose, mannose, and xylose, in approximately equal amounts, 
when hydrolysed. 

A portion of the seed residue, after extraction with sodium hydroxide, was washed free from 
alkali with hot water, and heated in N-sulphuric acid on the boiling water-bath for 24 hours. 
The hydrolysis products were found to contain mainly xylose, with a little glucose and traces of 
galactose, mannose, and arabinose. 

A larger quantity of galactomannan was prepared from the milled seeds (100 g.) by two 
successive extractions with cold water (each ca. 2-5 1.). The polysaccharide was isolated as 
the copper complex, and regenerated by addition of N-hydrochloric acid as described above. 
The product, after two precipitations from its aqueous solution with alcohol, was washed with 
alcohol and ether, and dried under reduced pressure (yield, 13-6 g.) (Found: sulphated ash, 
1-4; N, <0-7%), [a]p +70°+10° (c, 0-22 in water; measurements taken on a filtered solu- 
tion, and concentration determined after evaporation to dryness, by weighing of the residue). 
This polysaccharide was used in the following experiments; it was incompletely soluble in water 
and 2n-sodium hydroxide. 

Hydrolysis of the Polysaccharide.—Hydrolysis of a small portion (ca. 10 mg.), followed by 
examination on the paper chromatogram, indicated that it contained galactose and mannose 
only; pentoses were not detected. A larger amount (0-5 g.) was hydrolysed in Nn-sulphuric 
acid (30 c.c.); the optical rotation of the solution was constant after 7 hours (([«]) +43°). The 
solution was then neutralised with barium carbonate, filtered, and concentrated to a syrup. 
The mixture of sugars (ca. 0-45 g.) was added in aqueous methanol to a column of hydro- 
cellulose (22 x 2 cm.), on which separation was effected by using »-butanol, half saturated with 
water, as the mobile phase, as described by Hough, Jones, and Wadman (/., 1949, 2511). 
Fractionation of the eluate, followed by evaporation of the appropriate portions, gave crystalline 
specimens of D-galactose, m. p. and mixed m. p. 165°, [a]) + 80° (c, 0-9 in water; equil. value), 
and D-mannose, m. p. and mixed m. p. 132°, [a], +14° (c, 1-1 in water; equil. value); both 
sugars were crystallised from methanol. Other sugars were not detected. 

For a quantitative estimation of the two sugars, the galactomannan (51-5 mg.) was hydrolysed 
in a sealed tube for 8 hours. The hydrolysate was added, quantitatively, to ribose (25-5 mg.), 
and the solution, after removal of anions with the minimum amount of Amberlite IR-4B resin, 
was concentrated toasyrup. The sugars were separated on two sheet-paper chromatograms by 
elution with the butanol-ethanol—water mixture for ca. 90 hours and estimated in duplicate by the 
periodate oxidation method of Hirst and Jones (/., 1949, 1659) (Found: galactose, 2-86, 2-47; 
mannose, 3-40, 2-97; ribose, 3-22, 2-77 mg.). Complete recovery of the ribose being assumed, 
these figures indicate that the galactomannan gave, on hydrolysis, galactose, 20-4, 20-5, and man- 
nose, 24-3, 24-6 mg. (both calc. as C,H,,O;), the corresponding galactose : mannose ratios being 
1-00 : 1-19 and 1-00: 1-20. 

Periodate Oxidation of the Galactomannan.—The potassium periodate method of Brown, 
Halsall, Hirst, and Jones (J., 1948, 28) was used; the galactomannan (286-0 mg.) was dispersed 
in water (75 c.c.) and potassium chloride (3 g.) added, followed by sodium metaperiodate solu- 
tion (0-36N; 25 c.c.). The reaction mixture was shaken, the polysaccharide dissolving as the 
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reaction proceeded. Portions (5 c.c.) were taken at intervals, ethylene glycol (2 c.c.) added, 
and the formic acid content determined by titration with 0-01N-sodium hydroxide [Found 
(as g. of polysaccharide yielding 1 g.-mol. of formic acid): 502 (96 hours), 407 (147 hours), 
371 (240 hours), 373 (342 hours)}._ The formation of 1 g.-mol. of formic acid from 372 g. of galac- 
tomannan corresponds to the presence of 43-6% of hexose residues, calc. as C,H ,,O;, possessing 
three contiguous hydroxyl groups in the polysaccharide. 

After 342 hours, an excess of ethylene glycol (10 c.c.) was added to the remaining reaction 
mixture, and the solution, after dialysis to remove inorganic material, was concentrated to dry- 
ness. A portion (ca. 10 mg.) of the oxidised material (sulphated ash, 7-0°%) so obtained was 
hydrolysed, and examination of the hydrolysis products on the paper chromatogram showed the 
presence of a considerable amount of mannose, but no galactose. 

The oxidised galactomannan (18-5 mg.; calc. as ash-free material) was hydrolysed in a sealed 
tube for 15 hours. Ribose (5-2 mg.) was added to the hydrolysate, and the relative amounts of 
the sugars estimated by the method of Hirst and Jones (loc. cit.) (Found: mannose, 0-45; 
ribose, 0-53 mg.). On the basis of complete recovery of the ribose, these figures indicate that 
the oxidised material contained ca. 4 mg. of mannose (calc. as C,H,,O;), or 22% by weight. 

Two further portions of galactomannan (74-3 and 93-8 mg.) were oxidised with excess of 
sodium metaperiodate : the galactomannan was dispersed in water (20 c.c.), and sodium meta- 
periodate solution (0-36N; 10 c.c.) added. The reaction mixtures were periodically shaken 
and kept in the dark at room temperature. The metaperiodate content of each solution was 
determined after an interval, by making it just alkaline to phenolphthalein by the addition of 
sodium hydroxide, adding saturated sodium hydrogen carbonate solution (10 c.c.) and an excess 
of potassium iodide, and titrating the liberated iodine with 0-47N-sodium arsenite [Found (titres 
of arsenite) : 2-82, 3-67.c.c.]. These figures correspond to periodate uptakes (quoted as g.-mol. 
of periodate consumed per 162 g. of galactomannan) of: 1-44 (240 hours), 1-49 (312 hours). 

The oxidised material was recovered from the second reaction mixture, after dialysis, and a 
portion was hydrolysed. When the products were examined on the paper chromatogram, 
neither galactose nor mannose was detected. 

Methylation of the Polysaccharide.—The galactomannan (3 g.) was dispersed in water (100 
c.c.), and sodium hydroxide solution (40% w/v; 200 c.c.) was added, followed by methyl 
sulphate (200 c.c.) with vigorous stirring and ice-cooling. After reaction had ceased, solid 
sodium hydroxide (80 g.) was added cautiously, and then more methyl sulphate (180 c.c.). The 
reaction mixture was neutralised by addition of glacial acetic acid and, after dialysis, which 
removed the bulk of the inorganic material, concentrated to ca. 50 c.c. under reduced pressure. 
Acetone (50 c.c.) was added, and methylation continued by the alternate addition, with con- 
tinuous stirring, of solid sodium hydroxide to an approximate concentration of 40%, and the 
equivalent amount of methyl sulphate. After six methylations in this manner, with an inter- 
mediate dialysis and concentration, the final reaction mixture was neutralised with acetic acid 
and heated on the water-bath, enough water being added to dissolve the sodium sulphate. The 
methylated material, which had separated, was isolated by filtration of the hot mixture and 
dissolved in hot chloroform, and the solution filtered; removal of the solvent gave a product 
(2-6 g.) with OMe, 40-7%. This material was dissolved in acetone, and remethylated (six times) 
with methyl sulphate in the presence of sodium hydroxide as described above. The product 
(2-3 g.), isolated as before, was a crisp yellow solid (Found : OMe, 43-5%), which was fraction- 
ated by boiling mixtures of chloroform and light petroleum (b. p. 40—60°). Two main fractions 
were obtained: one (0-96 g.), soluble in 80% light petroleum, had OMe, 44-1% and [a], +49°+3° 
(c, 1-2 in chloroform), and the other (1-17 g.), soluble in 75% light petroleum, had OMe, 43-9% 
and [x], -+51°+3° (c, 0-8 in chloroform). The fractions, which appeared to be similar, were 
combined. 

Fission of the Methylated Galactomannan.—The methylated material (1-05 g.) was dissolved 
in methyl alcohol (30 c.c.) containing 2% (w/w) of hydrogen chloride, and the solution boiled 
under reflux for 7 hours. The warm solution was neutralised by addition of a slurry of silver 
carbonate in methyl alcohol, then filtered, and the filtrate concentrated to a syrup. The mix- 
ture of methylglycosides was hydrolysed in N-hydrochloric acid (30 c.c.) at 95—100° for 16 hours. 
This solution was neutralised with silver carbonate (a slurry in water), filtered, treated with 
hydrogen sulphide, again filtered, and concentrated to a syrup (1-00 g.). 

Examination of the mixture of sugars on the paper chromatogram indicated that it con- 
sisted mainly of a tetramethyl and a dimethyl hexose, with a small amount of a trimethyl 
hexose, and traces of a monomethy! hexose. 

Qualitative Examination of the Methyl Sugar Mixture.—The mixture (ca. 1-0 g.) was separated 
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by partition chromatography on a column of hydrocellulose (28 x 4 cm.), with a mixture of 
benzene (170 parts) and ethanol (50 parts), nearly saturated with water, as the mobile phase. 
The automatic receiver-changer described by Hough, Jones, and Wadman (/., 1949, 2511) was 
used to fractionate the effluent into portions of ca.5c.c. After 250 c.c. had been collected, the 
eluant was modified by the addition of about one-quarter its volume of methyl alcohol; this 
mixture served to remove the di- and mono-methy]l hexoses from the column. The solvent mix- 
ture in each tube was allowed to evaporate, at room temperature, to a volume of 1—1-5 c.c. 
One or two drops of the liquid from appropriate tubes were then placed in order on two paper 
chromatograms, which were run in solvent mixtures (a) and (d) (see above). After consideration 
of the results obtained by developing these chromatograms, the effluent from the column was 
divided into four fractions: (1), tubes 19—29, containing tetramethyl hexose; (2), tubes 30— 
60, containing a little tetramethyl hexose and all the trimethyl hexose; (3), tubes 80—120, 
containing dimethyl hexose; and (4), tubes 120—150, containing traces of monomethy] hexose. 

The solvent was removed from these fractions, and the resultant syrups purified by solution 
in, successively, water, acetone, and ether or acetone-ether, with intermediate filtration and 
removal of the solvent. After being dried at 50°/10 mm. for three hours, the fractions were 
further examined as follows : 

Fraction (1) (0-47 g.) (Found: OMe, 51-0. Calc. for tetramethyl hexose: OMe, 52-5%) 
had [a], +105° (c, 1-3 in water). Its rate of movement [/t, 0-95 in (a); 0-94 in (d)} on the paper 
chromatogram was identical with that of 2: 3: 4: 6-tetramethyl galactose, and it gave the same 
red colour with the p-anisidine spray. A portion of the syrup (0-1 g.) when heated in alcohol 
with aniline (40 mg.) gave crystalline 2: 3: 4: 6-tetramethy] D-galactose anilide (0-1 g.), m. p. 
and mixed m. p. 188°, [x], —79° (initial) —-> +-39° (equil. value; c, 1-2 in acetone) after recrys- 
tallisation from ethanol (Found: N, 4-5. Calc. for C,,H,,0O;N : N, 4:5%). 

Fraction (2) (90 mg.), [#]p +6° (c, 0-9 in water), contained approx. 10% of tetramethyl 
galactose (R, as above), the remainder being trimethyl hexose [R, 0-89 in (a) and 0-57 in (d); 
corresponding to 2: 3: 6-trimethylmannose}]. The latter was obtained free from the former 
by separation on a large sheet paper chromatogram, elution with the benzene-ethanol—water 
mixture, and Soxhlet-extraction with hot aqueous methanol of the appropriate portion of the 
paper chromatogram. The syrupy sugar (60 mg.) (Found: OMe, 41-0. Calc. for trimethyl 
hexose: OMe, 41-8%), obtained in this manner, had [a], —4° (c, 1-2 in water). After oxidation 
with bromine water, it gave 2 : 3 : 6-trimethyl y-p-mannolactone (45 mg.); this was recrystal- 
lised from acetone—ether-light petroleum, and then had m. p. 82—-83°, undepressed on admix- 
ture with an authentic specimen, and [«], + 62° (initial; c, 0-6 in water) —-> +-58° (40 hours; 
mutarotation incomplete) (Found: OMe, 40-9. Calc. for C,H,,O,: OMe, 42-2%). <A portion 
of the lactone (25 mg.) was boiled under reflux in alcohol with phenylhydrazine (12 mg.). The 
resultant phenylhydrazide was separated from coloured by-products on a sheet-paper chromato- 
gram with solvent mixture (a); after location with ammoniacal silver nitrate, it was extracted 
from the paper with hot ethanol. After crystallisation from this solvent, it was identified as 
2:3: 6-trimethyl pD-mannonic acid phenylhydrazide (15 mg.), m. p. and mixed m. p. 131°, 
{a|p —19° (c, 0-7 in water) (Found: N, 8-2. Calc. for C,,H,,O,N,: N, 84%). 

Fraction (3) (0-40 g.) (Found: OMe, 30-1. Calc. for dimethyl hexose: OMe, 29-8%), 
{«]p» —14° (c, 3-2 in water), gave one spot only on the chromatogram [Rg 0-67 in (a)], correspond- 
ing to 2: 3-dimethyl mannose. A portion (0-2 g.), when oxidised with bromine water, yielded a 
crystalline lactone (0-16 g.) which after recrystallisation from acetone-ether was identified as 
2 : 3-dimethyl y-p-mannonolactone, m. p. and mixed m. p. 110°, [a], + 59° (initial) —-+ + 55° 
(68 hours, mutarotation incomplete; c, 0-8 in water) (Found: OMe, 28-7. Calc. for C,H,,O, : 
OMe, 30-1%). The lactone (80 mg.) was boiled with phenylhydrazine (35 mg.) in alcoholic 
solution, and yielded 2: 3-dimethyl D-mannonic phenylhydrazide (45 mg.), which, after re- 
crystallisation from ethyl alcohol, had m. p. 167° and [«], —22° (c, 0-9 in water) (Found: N, 
9-0. Calc. for C,,H,.O,N,: N, 8-9%). 

Fraction (4) (ca. 7 mg.) had a rate of movement on the chromatogram approximating to that 
of a monomethy! hexose; it was not further examined. 

Quantitative Examination of the Methyl Sugars.—The methylated galactomannan (43-1 mg.) 
was heated in 2% methanolic hydrogen chloride (10 c.c.) under reflux for 6 hours. Glucose 
(13-4 mg.) was then dissolved in the solution, which was neutralised with silver carbonate, 
filtered, and concentrated to a syrup; the glycosides were hydrolysed in n-hydrochloric acid 
(10 c.c.) on the boiling water-bath for 15 hours. The solution, after cooling, was neutralised by 
adding the minimum amount of Amberlite IR-4B ion-exchange resin; after filtering, the solu- 
tion was treated with a small amount of Amberlite IR-100 resin and again filtered, and the 
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neutral solution concentrated to a syrup (50 mg.). Portions of the syrup, dissolved in acetone, 
were applied to the base-line of each of two sheet-paper chromatograms, and the acetone allowed 
to evaporate. The sugars were separated by use of solvent mixture (d), and, after location on 
test strips, were extracted with hot water (6—7-c.c. portions). The methyl sugars were esti- 
mated by alkaline hypoiodite (Hirst, Hough, and Jones, /J., 1949, 928; with the phosphate 
buffer recommended by Chanda, Hirst, Jones, and Percival, J., 1950, 1289), 0-1N-iodine (2 c.c.) 
being used in each case, and the reaction mixtures kept for 20 hours (cf. Jones, J., 1950, 3292). 
After acidification, the excess of iodine was titrated with 0-01N-sodium thiosulphate [Found 
(results expressed as c.c. of 0-01N-iodine consumed) : “‘ tetra,’’ 3-00, 2-58; ‘‘ tri,’’ 0-58, 0-48; “di,” 
2-94, 2-50; glucose, 2-52, 2-12]. These figures correspond to tetra: tri: di molecular ratios 
of 5-00 : 0-96 : 4-90 and 5-00 : 0-93 : 4-86, and the weight of methylated polysaccharide accounted 
for is, respectively, 39-3, 39-9 mg. (average recovery, 92%). 


One of us (P. A.) thanks the Department of Scientific and Industrial Research for a mainten- 
ance grant. 
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519. The Hemicelluloses Present in Aspen Wood (Populus 
tremuloides). Part I.* 


By J. K. N. Jones and Louis E. WIsE. 


Hydrolysis of extractive-free aspen sawdust yields L-rhamnose, L-arabin- 
ose, D-xylose, D-galactose, xylobiose, xylotriose, 4-methyl pD-glucuronic acid, 
and several oligosaccharides containing uronic acids. The action of periodate 
on the sawdust and on isolated hemicellulose has been examined. The results 
are discussed. 


Woop cell wall material is composed, in the main, of carbohydrates, by far the greater 
portion of which is cellulose. The remainder consists of ‘‘ hemicelluloses,’’ their percentage 
being dependent on the type and age of wood examined. Hemicelluloses have been 
described by Norman (“‘ The Biochemistry of Cellulose, Hemicelluloses, Polyuronides and 
Lignins,’’ Oxford Univ. Press, 1937, p. 37) as ‘‘ Those polysaccharides extractable from 
plant tissues by treatment with dilute alkalis, either hot or cold, but not with water, and 
which may be hydrolysed to constituent sugars and sugar acids by dilute mineral acids.”’ 
However, celluloses and hemicelluloses cannot be very sharply differentiated (cf. Wise and 
Ratcliff, Ind. Eng. Chem., Anal. Ed., 1947, 19, 459). As Norman has pointed out, these 
hemicelluloses will have their origin either in the structural cell wall or in the encrusting 
materials. 

The chemical constitution of the hemicelluloses of wood has been little investigated and 
little is known of the nature of the linkages which unite the sugar units in these poly- 
saccharides. For example, the question whether these carbohydrates are united in the form 
of one giant molecule or whether the sugar units are combined in the form of a mixture of 
polysaccharides, each of which is built up of one or more types of sugar only or whether the 
hemicelluloses are joined to cellulose or lignins is still largely undecided. The evidence of 
Hirst (J., 1949, 522), O’Dwyer (Biochem. J., 1940, 34, 149), Anderson (J. Biol. Chem., 
1938, 126, 175; 1941, 140, 563), McIlroy (J., 1949, 121), and others indicates that some 
plant hemicelluloses consist of mixtures of sugars and uronic acid units. Isherwood, who 
separated certain hemicelluloses by electrophoresis (1st Intern. Congr. Biochemistry, 1949, 
Abstracts, p. 515), and others have shown that such substances give, on hydrolysis, one 
sugar only. The problem is further complicated by the fact that the composition of the 
polysaccharides may alter with the age of the tree and vary in different parts of the wood as, 
for example, in the sapwood and heartwood of the oak (cf. O’Dwyer, loc. cit.), and further 
that the hemicelluloses may be modified during isolation. Schoettler, of The Institute of 
Paper Chemistry, showed that when aspen sawdust is heated with hot potassium hydroxide 


* The substance of this paper was presented at the 75th Anniversary Meeting of The American 
Chemical Society, New York, September, 1951. 
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solution (16%), some 70%, of the total (ca. 23°) hemicelluloses in the sawdust is extracted, 
the remainder being possibly combined with the cellulose or lignin, inaccessible to the 
alkaline reagent or perhaps of different molecular weight or constitution. If the sawdust is 
first delignified with chlorine dioxide [Wise, Murphy, and D’Addieco, Paper Trade J., 
125, No. 11, 57 (September 1947)], practically all the hemicellulosic material can be ex- 
tracted with sodium or potassium hydroxide from the resultant “‘ holocellulose.’’ This 
comparative ease of extraction may result because of the rupture of a lignin—hemicellulose 
bond with removal of the lignin or the hemicellulose may be more accessible to the reagent 
(Lange, Symposium, September 1951, Appleton, Wisconsin), or it may be that the hemi- 
celluloses have been modified (.e., oxidised or degraded) by the reagents and thus rendered 
more soluble in the alkaline solution. That a degradation, at least in molecular magnitude, 
may occur on treatment with chlorite, has been demonstrated by Wethern (Thesis, Institute 
of Paper Chemistry, 1951) for sprucewood hemicelluloses, and by Timell and Jahn (Svensk 
Papperstidnung, 1951, 54, 831) for birchwood hemicellulose. In order to eliminate the 
latter possibility, the aspen hemicellulose which was used in this work was prepared by 
direct extraction of the aspen sawdust, suitably freed from non-cellular extraneous materials 
by use of organic solvents, with dilute alkalis in an atmosphere of nitrogen. The extract 
may not, therefore, represent a true picture of the properties of the total hemicelluloses of 
the aspen as, under these conditions, some were not extracted and remained in the residue. 
Furthermore, it is possible that the extracted hemicellulose may have been modified. 
Certainly the acetyl groups, over 3% of which occur combined in the wood (Sherrard and 
Blanco, Ind. Eng. Chem., 1923, 15, 611; Scholler, Chim. ind. agr. Biol., 1939, 15, 195; 
Mitchell and Ritter, J. Amer. Chem. Soc., 1940, 62, 1958; Bertrand and Brooks, Compt. 
rend., 1941, 212, 739), very probably to the xylan, will have been eliminated (see below). 
In an attempt to determine the position of these acetyl groups and also to decide 
whether any considerable amount of end groups were present in aspen wood, the action of 
sodium metaperiodate solution at 2°, both on aspen wood and on an isolated aspen hemi- 
cellulose, was studied. Metaperiodates will normally react with carbohydrate residues 
containing glycol groups [-CH(OH)-CH(OH)-] (cf., however, Alexander, Dimler, and 
Miltretter, J. Amer. Chem. Soc., 1951, 73, 4658) and will liberate one mole of formic acid per 
pyranose sugar residue which contains hydroxyl groups on each of three contiguous carbon 
atoms (Halsall, Hirst, and Jones, J., 1947, 1427). The rate of oxidation has been shown to 
depend in part on the configuration of the hydroxyl groups in the molecule (cf. ‘“‘ Organic 
Reactions,’’ Adams, Wiley, Vol. 2, p. 343), and unpublished work (Andrews, Hough, and 
Jones) has indicated that steric effects may slow down the rate of oxidation of some of the 
sugars (cf. Hirst, Jones, and Roudier, J., 1948, 1779; Gibbons and Boissonnas, Helv. Chim. 
Acta, 1950, 33, 1477). Potter and Hassid (J. Amer. Chem. Soc., 1948, 70, 3488) have shown 
that amylose and amylopectin were rapidly oxidised in heterogeneous solution by sodium 
metaperiodate at 2° and yield the requisite amounts of formic acid in about 25 hours. 
Aspen wood and aspen hemicellulose were oxidised much more slowly by the reagent, but 
eventually gave practically constant yields of formic acid. Isolated xylan is rapidly 
oxidised by metaperiodate and eventually passes into solution (Jayme and Satre, Ber., 
1942, 75, 1840; 1944, 77, 242, 248). No such effect was noticed during the oxidation 
of aspen sawdust. The oxidation of both aspen sawdust and isolated aspen xylan was 
extended to ensure that, so far as possible, all available carbohydrate residues were oxidised. 
If no glycol groups are present in the sugar residues, they will remain substantially un- 
affected by the metaperiodate, and the unoxidised sugar units can then be detected 
chromatographically after acidic hydrolysis of the residual oxidised polysaccharide. Aspen 
sawdust, on oxidation with sodium metaperiodate solution at 2° in the dark (Potter and 
Hassid, loc. cit.) yielded formic acid, the amount corresponding to one mole per ca. 5700 g. of 
sawdust (containing ca. 84% of carbohydrate on the extractive-free basis). This means 
either that the amount of sugar residues containing the ~—CH(OH)-CH(OH)-CH(OH)- 
grouping, which per mole will yield one mole of formic acid on oxidation with periodate, 
was very small, or that the polysaccharides present in the wood were oxidised incompletely 
(because of greater crystallinity?). It was found that, on hydrolysis, 14-39% of xylose 
(as C;H,O,) was liberated together with 2-8% of glucose (as CgH,,0;). Most of the xylan 
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present in the wood (ca. 19°) had, therefore, escaped oxidation, very probably because it 
was in part acetylated (see below). The substitution of any hydroxyl by acetyl in a xylose 
unit in a xylan will prevent it from being oxidised by periodate (see I—IV). 
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A sample of the hemicellulose, which had been Rey from aspen wood with 16% 
potassium hydroxide solution, was oxidised by an excess of sodium metaperiodate solution. 
The hemicellulose behaved quite differently from the sawdust sample, in that oxidation 
caused it to dissolve, in part, in water. After dialysis, the material was hydrolysed and the 
products of hydrolysis were determined quantitatively. In this instance, only 1-7% of 
xylose (calc. as C;H,O,) had escaped oxidation by the metaperiodate. This indicates that 
either ‘the hemicellulose is more easily oxidised when it has been separated from the wood, 
or that it has been modified in some way (deacetylated ?) (cf. Bell and Wright, J. Amer. 
Chem. Soc., 1950, 72, 1485) and thus rendered vulnerable to oxidation by metaperiodate. 
The original hemicellulose was not a pure xylan and contained small quantities of materials 
producing, on hydrolysis, sugars which moved at the same rate on the chromatogram as did 
glucose, galactose, arabinose, and rhamnose. All these sugar residues were destroyed 
during the periodate oxidation and were not subsequently detected in the products of 
hydrolysis of the oxidised material. 

Preliminary work by Schoettler (Thesis, Institute of Paper Chemistry, Appleton, Wis- 
consin, 1951) had shown that the aspen hemicelluloses on hydrolysis yield several uronic 
acid-containing materials. Methods which were developed by the authors to isolate 
and identify these materials are described in the present paper. In order to avoid am- 
biguity, isolation of the hemicelluloses as such was not attempted; instead, the products 
formed on hydrolysis of benzene—alcohol extracted aspen sawdust were examined. This 
procedure avoids the possibility of formation of acidic material, e.g., ‘onic acid residues 
during the chlorite procedure, and the possible loss of any carbohydrate during this stage, 
and ensures that no sugars or uronic acids which may be attached to the cellulose or lignin 
are discarded. Preliminary experiments had shown that the great majority of the uronic 
acid-containing materials were liberated in the early stages of the hydrolysis and, to avoid 
the formation of overwhelming amounts of xylose, the hydrolysis of the aspen sawdust was 
not taken to completion. Norman (loc. cit.) has noted that some xylose units in wood are 
hydrolysed with more difficulty than are others. This may, however, be a physical rather 
than a chemical difference (cf. Jorgensen, Internat. Symposium on The Fundamental 
Chemistry of Cellulose and Lignin, Montreal, September, 1951). 

Examination of the hydrolysis products on the paper chromatogram showed the 
presence of rhamnose, arabinose, xylose, mannose (?), glucose, galactose, oligosaccharides, 
and various spots due to the presence of acidic material (cf. Gustafsson et al., Paper and 
Timber, B, 1951, no. 10), The acidic sugars were removed on Amberlite resin IR-4B and 
the neutral sugars separated by fractional elution from charcoal (Darco G.60) by the method 
of Whistler and Durso (J. Amer. Chem. Soc., 1950, 72, 677) and then by partition chromato- 
graphy on sheets of filter paper. In this manner, L-rhamnose, L-arabinose, D-xylose, 
p-galactose, a disaccharide (V), and a trisaccharide (VI), composed of D-xylose units, were 
separated and identified. The last two materials had earlier been prepared by Whistler 
and Durso (loc. cit.) by graded hydrolysis of xylan. The crystalline sugars were compared 
with samples kindly provided by Professor Whistler and were found to be identical with his 
materials. The isolation of these products (albeit in small yield) indicates that there is 
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present in aspen wood a polysaccharide which contains D-xylopyranose residues united 
through positions 1 and 4 and joined by §-linkages (cf. Whistler and Durso, loc. cit.). A 
polysaccharide containing D-xylose residues only, termed xylan, is present in esparto grass 
(Chanda, Hirst, Jones, and Percival, J., 1950, 1289) and it may be that the xylose formed 
on hydrolysis of aspen wood is present as a xylan of similar constitution (cf. esparto xylan, 
which after oxidation with periodate gives a product containing 1-3°, of xylose). The 


H H OH 
O 


cc * > HOH 
HY j 


xylan in pear cell wall also contains D-glucuronic acid as part of the molecule (Chanda, 
Hirst, and Percival, J., 1951, 1240; O’Dwyer, loc. ctt.) (see below). 

The sugar acids present in the hydrolysate from aspen sawdust were displaced from the 
Amberlite 1R-4B resin with sulphuric acid, the latter then removed as barium sulphate, 
and inorganic material removed with Amberlite IR-120 resin. This procedure gave a 
product which, on examination on the paper chromatogram, was found to be a complex 
mixture of acids containing a little free xylose. This sugar was detected by examining 
the mixture chromatographically with a butanol—pyridine—water mixture in which only the 
neutral sugar moved, the uronic acids remaining on the starting line. The uronic acid 
fraction was separated first on a charcoal (Darco G.60)-celite column (Whistler and Durso, 
loc. cit.) and then on a column of cellulose, using butanol—formic acid—water as eluant ; 
thus, five fractions containing uronic acid were separated. The fastest-moving fraction, 
which gave a bright red colour with the ~-anisidine hydrochloride spray (Hough, Jones, 
and Wadman, J., 1950, 1702), was identified as 4-methyl D-glucuronic acid. The ester 
glycoside of this material, on reaction with alcoholic ammonia, gave the amide of 4-methyl 
a-methyl-p-glucuronoside, characterised by Smith (J., 1948, 1146; 1951, 2646) and by 
White (J. Amer. Chem. Soc., 1947, 69, 715), and was oxidised by sodium periodate with 
inversion of sign of optical rotation (cf. Smith, Joc. cit.). Reduction of the methyl ester of 
4-methyl «$-methyl-p-glucuronoside with lithium aluminium hydride (cf. Lythgoe and 
Trippet, J., 1950, 1983) gave 4-methyl «8-methyl-p-glucoside, converted by acidic hydrolysis 
into 4-methyl D-glucose. This was characterised by its rate of movement on the chromato- 
gram and by its conversion into 4-methyl D-glucosazone, identical with a synthetic 
specimen. 

One or more of the uronic acid-containing fractions (which moved more slowly than did 
4-methyl D-glucuronic acid on the chromatogram) were combined with D-xylose, since this 
sugar was produced on hydrolysing them. The source, whether from polysaccharide or 
lignin, of the 4-methyl D-glucuronic acid-containing fractions is not certain. It may be 
that they are combined with xylan as in pear cell wall xylan (Chanda, Hirst, Isherwood, and 
Percival, loc. cit.) and in the hemicellulose of Phormium tenax (McIlroy, J., 1949, 121). 

4-Methyl p-glucuronic acid has also been isolated from mesquite gum (White, Joc. cit. ; 
Smith, Joc. cit.) and from gum myrrh (Hough, Jones, and Wadman, J., 1952, 796; cf. 
Bertrand and Brooks, Ann. Fermentations, 1940, 5, 537). 


EXPERIMENTAL 


Examination of the Products of Hydrolysis of Aspen Sawdust.—Aspen (Populus tremuloides) 
sawdust (pentosan content, ca. 20-5%, uncorrected for uronic anhydride) (270 g., air-dry) was 


extracted under reflux for 12 hours with 2:1 (v/v) benzene-alcohol (95%) (750 c.c.). The 
80 
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residue was dried in air and then extracted several times (for a total of 2 hours) by shaking it 
with cold water, until the extracts were colourless and gave a negative Molisch test. The saw- 
dust was filtered off, dried by suction, and then suspended in n-sulphuric acid (1500 c.c.). 
The mixture, after 60 hours at 25°, was heated at 90° for 8 hours. The slurry was 
cooled and filtered, and the residual sawdust, which had become reddish-brown, was washed 
with water (2 1.) until the washings gave only a faint positive Molisch test. The combined 
filtrates were brought to pH 3 by the addition of barium hydroxide solution and refiltered. 
The filtrate was concentrated to about 700 c.c. and barium and other inorganic anions removed 
with Amberlite resin IR-120. Acids were then removed by passing the solution through a 
column of Amberlite resin, IR-4B, yielding an effluent (A) which contained neutral sugars 
(30 g.) and traces only of uronic acid derivatives. The Amberlite resin IR-4B, which had been 
well washed with water, was stirred with an excess of N-sulphuric acid, and the solution filtered. 
The resin was washed several times with water until the washings were free from carbohydrates. 
To the combined filtrate and washings, barium hydroxide solution was added to pH 3 and the 
precipitated barium sulphate was filtered off. Barium ions were removed from the filtrate with 
Amberlite resin IR-120 (or IR-100), and the filtrate evaporated under reduced pressure at 40° 
to asyrupy mixture (3-8 g.) of uronic acid derivative (B). A pronounced odour of acetic acid 
was present in the distillate. 

Separation of Sugars in (A).—A sample of the sugars (5-4 g.) was dissolved in water (15 c.c.) 
and poured on toa column (6 x 1”) of 1: 1 (w/w) charcoal (Darco G.60)-celite. Monosaccharides 
were washed through the column with water. When sugars were no longer detected (Molisch 
test) in the effluent (AI), water was replaced by water containing 5% of ethanol and the solution 
of oligosaccharides was collected (AII)._ Chromatographic examination of the syrup produced on 
concentration of the effluents, Al and AII, showed that xylose was the main component 
in AI, together with traces of rhamnose, arabinose, glucose, mannose (?), and galactose. AII 
contained xylose and at least three oligosaccharides. 

AI (5-0 g.) slowly crystallised. Trituration with alcohol yielded p-xylose (3-1 g.), m. p. 
and mixed m. p. 144° after recrystallisation from methanol, [«|7? +19° (equilibrium) (c, 4-1 in 
water). A portion of the syrupy residue was separated on sheets of filter paper (9” wide), 
with ethyl acetate—acetic acid—water (9: 2:2) as solvent. The location of the sugars was 
determined by spraying guide strips cut from the edge of the filter papers (cf. Flood, Hirst, and 
Jones, Joc. cit.). Extraction of the appropriate strips yielded crystalline L-rhamnose (22 mg.), 
m. p. and mixed m. p. 102°, [«)#? +9° (equilibrium) (c, 1-4 in water), which furnished the 
characteristic benzoylphenylhydrazone, m. p. 187° (Schoettler and Jones, TA PPI, Feb., 1952), L- 
arabinose ([a]j7 +-95° in water), isolated as its diphenylhydrazone, m. p. 207° and mixed m. p. 
204°, and p-galactose ([«]7? +80°; c, 0-12 in water), identified as its N-methyl-N-phenylhydr- 
azone, m. p. 186°. 

Fraction AII (0:3 g.) was separated into its components as described above, and yielded 
xylobiose (76 mg.), [«]7? —26° (c. 1-1 in water), m. p. and mixed m. p. 189° (decomp.), and 
xylotriose (77 mg.), [«]?? +48° (c, 1-0 in water), m. p. and mixed m. p. 214° (decomp.). These 
specimens were chromatographically pure and were not distinguishable chromatographically 
from authentic specimens when butanol-pyridine—water (10: 3: 3), ethyl acetate—acetic acid— 
water (9: 2:2), or butanol-ethanol—water (40: 11:19) were used as solvents. The rates of 
movement relative to rhamnose (FR, 0-3 assumed) were 0-098, 0-036; 0-109, 0-034; 0-111 and 
0-039 respectively in these solvent mixtures. Both fractions, on hydrolysis with N-sulphuric 
acid, gave p-xylose only; the trisaccharide on hydrolysis with hot 0-1N-sulphuric acid gave 
both p-xylose and xylobiose, which were detected chromatographically. The sugars produced 
on hydrolysis of the oligosaccharides were separated on the chromatogram with the butanol— 
pyridine—water as solvent, thus avoiding the necessity of neutralising the hydrolysis mixture 
before the separation. 

Separation of the Acids in (B).—A sample of the sugar acids was separated on filter paper 
with ethyl acetate—acetic acid—water (9: 2:2) as solvent. At least eight components were 
detected on the chromatogram, by using the p-anisidine hydrochloride spray. When butanol— 
pyridine—water was used as solvent, the uronic acids stayed on the starting line and the neutral 
sugar, xylose, present in small amount, was the only component which moved. 

Attempted separation onacharcoal column. The sugar acids (14 g., from several preparations) 
were dissolved in water (25 c.c.) and poured on a celite-charcoal (Darco G.60) (1:1) column 
previously wetted with water. Water was passed down the column until the effluent was 
neutral. Concentration of the effluent yielded a syrup, BI (9-1 g.), which contained four 
components. When water containing 5% ethanol was substituted as eluant, an acidic fraction 
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BII (1-6 g.), containing a uronic acid derivative which moved at the rate of glucose was ob- 
tained. Elution with 50% acetic acid yielded a mixture of uronic acid derivatives, BIII 
(0-2 g.), which moved very slowly on the chromatogram. A portion (6-3 g.) of fraction BI was 
fractionated further on a column of cellulose, with equilibrated butanol—formic acid—water 
(50: 1:5) as eluent. The effluent was collected fractionally (cf. Hough, Jones, and Wadman, 
loc. cit.) and by selection of the appropriate portions, followed by refractionation, five different 
fractions (Bla, 1-1 g.; Blb,0-3g.; Bic, 2-8g.; Bld, 1-3g.; Ble, 1-08 g.) containing uronic acids 
were obtained. The first fraction (Bla) moved at the same rate as rhamnose in the ethyl 
acetate—acetic acid—formic acid—water solvent (18:3:1:4) and was identified as 4-methyl 
p-glucuronicacid (see below). The third fraction moved at about the same rate as the acid in fraction 
BII and these two samples were combined, [«]7? +90° (c, 6-96 in water) (Found : OMe, 7-8% ; 
equiv., 284. Calc. for C,,H,,0,,: OMe, 9:0%; equiv. 340). The remaining fractions were 
combined with fraction BIII and refractionated. On hydrolysis with n-sulphuric acid of a 
portion of these fractions, p-xylose was liberated, having m. p. 143°, [a', +19° (in water), 
which was separated on sheets of paper with the butanol—pyridine—water as solvent (see above). 
Identification of the other components of these fractions will form the substance of a later 
communication. 

Identification of 4-methyl p-glucuronic acid. The acid (Bla; 1-1 g.) [a]? +83° (c, 1-1 in 
water) (Found: OMe, 11-3. Calc. for C;H,,O,: OMe, 14-6%), was boiled under reflux with 
methanolic hydrogen chloride (50 c.c.; 1%) for 6 hours. The cooled solution was neutralised 
with silver carbonate and filtered and the filtrate evaporated to a syrup (1-0 g.) (Found: OMe, 
37-1. Calc. for C,H,,0,: OMe, 39-8%). 

A portion of the syrup (82 mg.) in water (1 c.c.) showed the following changes in optical 
rotation on oxidation at 0° with sodium metaperiodate solution (2 c.c.; 0-5m): -+-75° (initial) ; 
+12° (10 mins.); —11° (16 mins.); —22° (22 mins.); —36° (34 mins.); —46° (55 mins.) ; 
—51° (80 mins.); —54° (148 mins.); —56° (constant; 20 hours). No formic acid was produced 
during the reaction. 

A portion of the syrup (0-1 g.), [«]}? +75° (c, 1-1 in water), with alcoholic ammonia yielded a 
mixture of amides from which the less soluble amide of 4-methyl «-methyl-p-glucuronoside was 
isolated by recrystallisation from ethanol. This material had m. p. 236°, not depressed on 
admixture with an authentic specimen supplied by Professor F. Smith of the University of 
Minnesota (Found: N, 6-3; OMe, 26-0. Calc. for C,H,,0,N: N, 6-3; OMe, 28-1%). 

The methyl ester methylglucuronoside (0-5 g.) in dioxan (5 c.c.) was added to a cooled, 
stirred suspension of lithium aluminium hydride (1 g.) in ether (50 c.c.). After 30 minutes, 
the mixture was diluted with ice-water and filtered. The filtrate was passed through a column 
of Amberlite mixed resins IR-120 and IR-400, and the effluent evaporated to a syrup (0-32 g.; 
nlj 1-4840) (Found: OMe, 29-0. Calc. for C,H,,0,: OMe, 29-8%). The glucoside was hydro- 
lysed with boiling N-sulphuric acid (25 c.c.) for 5 hours and the cooled solution neutralised with 
barium hydroxide and filtered. Concentration of the filtrate yielded 4-methyl D-glucose (0-18 g.) 
as a pale yellow syrup, soluble in acetone and sparingly soluble in ether, [«]}* +-65° (c, 1-1 in 
water) (Found: OMe, 15-7. Calc. for C;H,,0,: OMe, 16-0%). This material gave the same 
colour reactions and moved at the same rate on the chromatogram as did 4-methy] glucose in a 
variety of solvents (cf. Hough, Jones, and Magson, J., 1952, 1525). A sample of the syrupy 
glucose derivative was heated at 70° for 4 hours with phenylhydrazine acetate. On cooling, 
4-methyl p-glucosazone separated, m. p. and mixed m. p. 158° (after recrystallisation from 
benzene). 

Oxidation of Aspen Sawdust with Periodate.—Extractive-free aspen sawdust (pentosan 
content 17%; 2-1 g.) was oxidised with sodium metaperiodate (5:18 g.) in water (80 c.c.) at 2° 
in the dark by Potter and Hassid’s method (loc. cit.). The mixture was shaken from time to 
time and at intervals samples of the clear supernatant solution were withdrawn, ethylene 
glycol was added to destroy excess of sodium periodate, and the formic acid titrated (methyl 
red) {Found (c.c. of 0-01N-formic acid produced per 2-1 g. of sawdust): 18-6 (48 hours) ; 
29-8 (144 hours); 35-7 (216 hours); 36-9 (380 hours)]. This last figure corresponds to the 
formation of 3 moles of formic acid per ca. 17,000 g. of sawdust. If it is assumed that the 
lignin present (about 16%) yields no formic acid on oxidation with periodate and that the acid 
is produced solely from the polysaccharides (3 moles per mole of polysaccharide), this figure 
corresponds to the presence of one end group in approx. every 21,300 g. of the polysaccharide 
components of sawdust. 

Quantitative Hydrolysis of Oxidised Sawdust.—The oxidised sawdust produced in the experi- 
ment described above was filtered off, washed well with water, and air-dried at 25° to constant 
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weight (2-1 g.). The material was hydrolysed by boiling it with n-sulphuric acid (100 c.c.) for 
20 hours. To the cooled hydrolysate, ribose (45 mg.) was added and the solution filtered. 
The residue, which also contained lignin, weighed 0-717 g. (33%). The filtrate was neutralised 
with Amberlite resin IR-4B and concentrated to a syrup which was separated by using (a) 
butanol—pyridine—water and (b) ethyl acetate-acetic acid—water as solvents. Quantitative 
determination of the sugars by the method of Flood, Hirst, and Jones (loc. cit.) gave, with 
solvent (a) ribose, 1-25 mg., xylose, 4-97 mg. and glucose, 1-84 mg., and with solvent (5), ribose, 
1-35 mg., xylose, 4-81 mg. and glucose, 1-86 mg. These figures correspond to an average recovery 
of xylose, 14:3% and glucose, 2-8° from the wood (calc. as C;H,O, and C,H,,O, respectively). 
Traces of sugars corresponding to arabinose and galactose also appeared to be present. 

Oxidation of a Hemicellulose Sample obtained from Aspen Sawdust.—A sample of hemicellulose 
supplied by Dr. J. Schoettler (1-42 g.; xylan content, 60-3%) which had been isolated from the 
same aspen sawdust by direct extraction with sodium hydroxide solution (16%) was oxidised 
with sodium metaperiodate solution (0-25m; 100 c.c.) in darkness at 2° for 96 hours. Much of 
the material dissolved during the oxidation (cf. Jayme and Satre, Joc. cit.). At the end of this 
time, the metaperiodate uptake (0-95 mole per C,H,O,) was almost constant. Ethylene glycol 
was added to destroy excess of periodate, and the solution was dialysed against distilled water 
until free from inorganic impurities. The solution and suspension were evaporated to a syrup 
and hydrolysed with n-sulphuric acid (50 c.c.) for 12 hours at 90°. The reaction mixture was 
cooled, ribose (33-5 mg.) added, and the solution neutralised with Amberlite resin IR-4B and 
filtered. The filtrate was concentrated to a dark brown syrup and analysed by the method of 
Flood, Hirst, and Jones (loc. cit.) (Found: ribose, 1-17 mg.; xylose, 0-965 mg.). These figures 
correspond to a recovery of approx. 1:7% of xylose (calculated as C;H,O,). No other sugar 
could be detected on the chromatogram. 
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520. New Cholestene Diols. The Simultaneous Action of Aluminium 
Hydride and Aluminium Chloride on the Enol Acetate of Cholest- 
4-en-3-one. 


By B. R. Brown. 


The simultaneous action of aluminium hydride and aluminium chloride 
on the enol acetate (I) of cholest-4-en-3-one in ether yields cholest-4-ene (II), 
cholest-4-en-3-one, and a molecular compound of two cholestene diols. The 
evidence available only permits tentative formulation of these diols. This 
is the first recorded use of the mixture aluminium hydride—aluminium chloride 
as a reagent. 


DAUBEN and EASTHAM (J. Amer. Chem. Soc., 1951, 73, 3260) have reported that the reduc- 
tion of the enol acetate (I) of cholest-4-en-3-one with lithium aluminium hydride yields 
cholesterol, epicholesterol, cholest-4-en-3a-ol, cholest-4-en-38-ol, and cholest-4-en-3-one. 
This observation has been confirmed, and it is found that aluminium hydride brings about 


CS 


Pr 3 és = 


VS 


reduction in the same way. However, the action of aluminium hydride in the presence of 
excess of aluminium chloride causes the reaction to follow a different course, the products 
being cholest-4-ene (II) (16%), cholest-4-en-3-one (20%), and a molecular compound, 
Co7HygQe, m. p. 196—197° (49%). The action of aluminium chloride alone on the enol 
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acetate in ether produces an almost quantitative yield of cholest-4-en-3-one. There 
appears to be no previous record of the use of the mixture aluminium hydride—aluminium 
chloride as a reagent. However, from their lithium aluminium hydride reduction Dauben 
and Eastham (loc. cit.) isolated up to 2% of a diol, C,,H,,O,, m. p. 168—169°. This may be 
an impure specimen of the molecular compound or, more likely, of one of its component 
diols. 

Acetylation of the molecular compound followed by fractional crystallisation of the 
product yields two acetates. These on hydrolysis give two diols of formula C,,HygO, (A) 
m. p. 177—178° from the acetate of m. p. 157—158°, and (B), m. p. 179—180° from the 
acetate of m. p. 112—113°. Recombination of these diols in equimolecular amounts yields 
the original molecular compound, as does hydrolysis of an equimolecular mixture of the two 
acetates. Moreover, the specific rotation of the molecular compound ({a}p —47°) is very 
nearly half the sum of the rotations of the diols (A) ({a}Jp —64°) and (B) ({a]p —34°). 

The diols (A) and (B) yield diacetates and dibenzoates, and active hydrogen values give 
further evidence of two hydroxyl groups. 

The negative values of molecular rotation indicate the presence of a double bond in each 
of the diols (A) ({4M]p —257°) and (B) ([M]p —137°). This is confirmed by reaction with 
bromine, and by titration with perbenzoic acid corresponding to one double bond in each 
diol. From the latter reaction an epoxide of the molecular compound has been isolated. 
The large negative values of molecular rotation indicate that each diol contains a double 
bond in the 5 : 6- or 6 : 7-position (see Barton and Klyne, Chem, and Ind., 1948, 755, Barton 
and Rosenfelder, J., 1949, 2459, and Wintersteiner and Morse, J. Amer. Chem. Soc., 1950, 
72, 1923, for the contribution of double bonds to molecular rotation). Since the double 
bond is in the 5 : 6-position in the original enol acetate (I), it probably occupies this position 
also in the product. However, this double bond must be hindered in some way, since its 
complete saturation with bromine is slow (5—10 minutes in chloroform at room temper- 
ature) and it is resistant to hydrogenation. Palladium or platinum catalysts in alcohol, 
ethyl acetate, or acetic acid with hydrogen at one atmosphere pressure have no effect at 
temperatures up to 80°. Hydrogenation of the molecular compound occurs with uptake 
of 2-7 mols. of hydrogen in 7 hours at 80° in the presence of platinum in acetic acid plus 
hydrochloric acid (cf. Windaus, Linsert, and Eckhardt, Annalen, 1938, 534, 22), but the 
resulting mixture has not been separated. The very slight possibility that the double bond 
is in the recognised hindered positions, 7 : 8, 8: 9, or 8: 14, is ruled out by the observation 
that the acetates of (A) and (B) are unchanged by treatment with hydrogen chloride in 
chloroform, which causes migration of such bonds to the 14: 15-position (Heilbron and 
Wilkinson, J., 1932, 1708; Schenck, Buchholz, and Wiese, Ber., 1936, 69, 2696). 

One hydroxyl group must be in the 3-position, since the reactant enol acetate (I) has 
an oxygen atom at that position. The molecular compound reacts extremely slowly with 
lead tetra-acetate in acetic acid (Ay9° = 0-001 1. mole min.“!). Thisis indication of a érans- 
a-glycol structure [cf. cholestane-38 : 5« : 68-triol, k = 0-002, and cholestane-38 : 5a : 6- 
triol, k = 72-6 (Criegee, Ber., 1932, 65, 1770)], and suggests a 2: 3- or a 3:4diol. The 
diols are unchanged by boiling alcoholic hydrochloric acid for several hours (see Rosenheim 
and Starling, J., 1937, 377, and Barton and Rosenfelder, J., 1951, 1048, on the relative ease 
of cts- and trans-elimination of water by ionic mechanisms), and neither diol will condense 
with acetone under the influence of hydrogen chloride. The absence of colour reactions 
which depend upon dehydration is also noteworthy (see Experimental). All these observ- 
ations are in accord with a trans-a-glycol structure. The molecular compound yields no 
colour with tetranitromethane in chloroform, which is in keeping with the presence of an 
allylic alcohol grouping (cf. Ruzicka, Huyser, Pfeiffer, and Seidel, Annalen, 1929, 471, 25; 
Mancera, Rosenkranz, and Djerassi, J. Org. Chem., 1951, 16, 192). 

Though the evidence discussed above is insufficient for a final decision to be made, it is 
possible that the diols (A) and (B) are the unknown érans-cholest-5-ene-3 : 4-diols. However, 
it should be pointed out that since the diols (A) and (B) have not yet been identified, there 
is no guarantee that the cholestane skeleton of the original enol acetate is necessarily 
unchanged. The final determination of the structures of the diols, and the problem of the 
mechanism of their formation, await future work. 
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EXPERIMENTAL 


The Molecular Compound.—A solution of cholestenone enol acetate (10-0 g.) in ether (100 ml.) 
was added during 10 minutes to a stirred solution prepared from lithium aluminium hydride 
(4-0 g.) in ether (150 ml.) and aluminium chloride (20 g.) in ether (50 ml.) (the precipitate of 
lithium chloride was previously removed by filtration). The solution refluxed perceptibly 
during the addition, after which external heat was applied for 2 hours. The mixture was 
cooled to 0° and decomposed by the gradual addition of acetone (30 ml.) and ether (200 ml.). 
The colourless ethereal solution was washed with sodium hydroxide solution and water. 
Removal of the ether yieided a colourless oil, which was dissolved in light petroleum (b. p. 
40—60°; 100 ml.) and kept at 0° overnight. The white solid (4-5 g.) which separated was 
crystallised several times from methanol-ethanol (5:1), to yield the molecular compound as 
colourless irregular plates, m. p. 196—197°, [«]i —47° (c, 0-5 in chloroform) (Found: C, 80-6, 
80-1; H, 11-4, 11-4. C,,H4,O, requires C, 80-5; H, 11-5%. A weak bluish-purple colour is 
produced in the Liebermann—Burchard test, and no colour develops on treatment with tri- 
chloroacetic acid in chloroform (Rosenheim reaction). The compound does not yield an 
insoluble digitonide with digitonin in alcohol. 

The light petroleum mother-liquor from the above compound was chromatographed through 
alumina. Evaporation of the light petroleum eluate yielded a colourless oil (1-4 g.) which 
crystallised. Recrystallisation from aqueous acetone yielded cholest-4-ene as colourless needles, 
m. p. 78—79° unchanged by admixture with an authentic specimen and [a]j} + 69° (c, 0-7 in 
chloroform) (Found: C, 87-3; H, 12-2. Calc. for C,,H,y,: C, 87-6; H, 12-4%). The dibromide 
separated from acetone as colourless plates, m. p. 116—117° (Mauthner, Monatsh., 1907, 28, 
1113; Barton and Rosenfelder, J., 1951, 1048; Bladon, Fabian, Henbest, Koch, and Wood, /., 
1951, 2402). The alumina column contained an upper pale yellow band, which was eluted with 
benzene, to yield cholest-4-en-3-one, m. p. and mixed m. p. 77—78°. 

Epoxide of the Molecular Compound.—After 9 hours at 0°, 0-347 g. of the molecular compound 
in chloroform reacted with 0-102 g. of perbenzoic acid, corresponding to 0-86 of a double bond ; 
after 24 hours, 0-347 g. reacted with 0-116 g. of perbenzoic acid, corresponding to 0-98 of a double 
bond. 

A mixture of the molecular compound (0-5 g.), perbenzoic acid (0-2 g.), and chloroform (20 ml.) 
was kept at 0° for 24 hours. The solution was washed with aqueous sodium carbonate and 
water, dried, and evaporated. Trituration of the oily residue with light petroleum yielded a 
white solid (0-4 g.).. Recrystallisation from a small amount of methanol, and then from light 
petroleum (b. p. 80—100°), yielded the epoxide as needles, m. p. 166°, {«]}7 —15° (c, 0-5 in chloro- 
form) (Found: C, 77-0; H, 11-1. C,,H4,O, requires C, 77-5; H, 11-0%). 

Acetylation of the Molecular Compound.—The molecular compound (1-5 g.) was refluxed with 
acetic anhydride (15 ml.) and benzene (15 ml.) for 7 hours, and then evaporated under reduced 
pressure. The remaining colourless viscous oil was dissolved in the minimum volume of hot 
acetone and kept at 0° overnight. The colourless prisms (0-6 g.) were separated, washed with 
acetone, and recrystallised from acetone. This diacetate had m. p. 157—158° and [«]j7 —53° 
(c, 1-0 in chloroform) (Found: C, 76-7, 76-5; H, 10-6, 10-4. C,,H, 90, requires C, 76-5; H, 
10:35%). 

The acetone mother-liquor was evaporated and the solid residue crystallised several times 
from methanol-acetone (2: 1), to yield a diacetate (0-4 g.) as colourless plates, m. p. 112—113°, 
(a}i# —31° (c, 0-4 in chloroform) (Found : C, 76-7; H, 10-3%%). 

Diol (A).—The diacetate, m. p. 157—158° (0-2 g.), was heated under reflux for 1 hour with 
a solution of sodium hydroxide in water (3 ml.) and alcohol (10 ml.). The solution was cooled, 
to yield a solid diol (A) (0-12 g.), which separated from methanol as colourless elongated plates, 
m. p. 177—178°, [«|j* —64° (c, 0-4 in chloroform) (Found: C, 80-1, 80-3; H, 11-7, 11-4; active 
H, 0-54. C,,H,,O, requires C, 80-5; H, 11-5; 2active H, 0-50%). The diol reacts with bromine 
in chloroform, but the bromide readily decomposes with loss of hydrogen bromide. The 
dibenzoate, prepared by treating the diol with benzoyl chloride in pyridine, separated from 
ethanol as slender colourless needles, m. p. 166—167°, {«]}? —90° (c, 3-7 in chloroform) (Found : 
C, 81:0; H, 9-15. C,,H;,0, requires C, 80-7; H, 8-9%). 

Diol (B).—Hydrolysis of the diacetate, m. p. 112—113° (0-08 g.), under the conditions used 
for the other, yielded a diol (B) (0-04 g.) which separated from methanol as flat colourless needles, 
m. p. 179—180°, [«]}? —34° (c, 0-6 in chloroform) (Found: C, 80-1; H, 11-4; active H, 0-48%). 
The dibenzoate separated from acetone as small needles, m. p. 164—165°, [«]}? +23° (c, 2-1 in 
chloroform) (Found: C, 80-5; H, 9-2%). 
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The mixed m. p. of the diols (A) and (B) was 170—193°. 

Hydrolysis of Mixed Acetates.—An equimolecular mixture of the above acetates on hydrolysis 
vielded a compound which separated from alcohol as colourless irregular plates, m. p. 196—197°, 
unchanged by admixture with the molecular compound. 

Synthesis of the Molecular Compound from the Diols (A) and (B).—Recrystallisation of an 
equimolecular mixture of the diols (A) and (B) from alcohol yielded colourless irregular plates, 
m. p. 196—197°, unchanged by admixture with the molecular compound. 

Reaction with Lead Tetra-acetate.—The reaction was carried out in purified acetic acid at room 
temperature and the rate followed according to Criegee’s method (Bey., 1931, 64, 260). The 
following results were obtained. 


Concn. (mole/1.) 





‘Pb(OAc), Mol. compd. _ Time (hours) 
Initial 0-0238 0-0110 — — 
0-0210 0-00825 161 0-0013 
Initial 0-0266 0-0142 — — 
0-0207 0-0083 329 0-0012 
The author thanks Professor Sir Robert Robinson, O.M., F.R.S., for his interest in this 
problem, Professor A. R. Todd, F.R.S., for facilities to complete the work, and the Oliver Bird 
Fund of the Nuffield Foundation for financial assistance. 
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521. Aromatic Keto-enols. Part II.* Some New 
2: 3-Dihydro-1 : 4-naphthaquinones and -anthraquinones. 
By D. B. Bruce and R. H. THomson. 


Several new 1:2: 3:4-tetrahydro-1 : 4-diketonaphthalenes have been 
obtained either by fusion of the dienol or reduction of the corresponding 1 : 4- 
naphthaquinone with acid stannous chloride. The elimination of 8-substituents, 
well-known in the anthraquinone series, has been observed with juglone 
(5-hydroxy-1 : 4-naphthaquinone) and naphthazarin derivatives: thus, in 
the former series elimination occurs when a 3-substituent is OH, NMe,, NHPh, 
or SEt, and in the latter series when a 2-Cl group is present though a 2-Me, 
2-OH, or 2-NHPh group is retained. 1:2:3:4-Tetrahydro-1 : 4-diketo- 
anthracene was obtained in 50% yield by fusion of 1 : 4-dihydroxyanthracene, 
and the structure of certain of its hydroxy-derivatives has been investigated. 
No change was observed after fusion of 1 : 4-naphthylenediamine. 


Ir has been shown that certain dihydroxynaphthalenes (e.g., 1; R = H and Me) partly 
isomerise in the molten state to the corresponding diketones (e.g., Il; R = H and Me) 
which can be isolated, the yield and stability being greatly increased by the presence of 
peri-hydroxyl groups as in (VI and IX; R = H) (Thomson, J., 1950, 1737; 1951, 1237; 


Zahn and Ochwat, Annalen, 1928, 462, 72). In the naphthalene series only five diketones 
of this type are known and we now record some attempts to extend this number. 
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Of the simple type (II), 1:2:3:4-tetrahydro-l : 4-diketo-6-methylnaphthalene was 
obtained in 17% yield by fusion of the dienol, but unexpectedly 1: 4-dihydroxy-2 : 3- 
* J., 1950, 1737, is regarded as Part I of this series, 
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dimethylnaphthalene did not isomerise under thesame conditions. 2-Chloro-1 : 4-dihydroxy- 
naphthalene decomposes vigorously when heated, with evolution of hydrogen chloride, 
and does not melt. Fusion of 1: 2: 4trihydroxynaphthalene gave a very low yield of 
(Il; R = H) (see below), but no diketone was isolated from molten 1 : 2 : 4-trihydroxy-3- 
methylnaphthalene. All attempts to isomerise 2 : 3-dihydroxynaphthalene by fusion in a 
vacuum were unsuccessful. 

It was stated in Part I that (II; R = H) does not condense with benzaldehyde, it being 
assumed that the pink tinge acquired by the mixture was due to oxidation of the dienol 
(I; R=H). Under different conditions the coloured material has now been isolated and 
is identical with the dark red pigment obtained by Wurgaft (J. 67. Chem., 1894, 49, 551) 
and Raudnitz and Puluj (Ber., 1931, 64, 2215) by condensing benzaldehyde with 
(1; R =H), shown later by Fieser and Fieser (J. Amer. Chem. Soc., 1941, 63, 
1574) to be (III). . 

8-Hydrojuglone (1: 2:3:4-tetrahydro-5-hydroxy-1 : 4-diketonaphthalene) (VI; R = H) 
may be obtained either by fusion of the «-isomer (1 : 4: 5-trihydroxynaphthalene) or by direct 
reduction of juglone (IV; R = H) with sodium dithionite or acid stannous chloride in hot 
aqueous solution. As the fusion method failed with 3-chloro-1: 4: 5-trihydroxy- 
naphthalene (which merely chars with slight evolution of hydrogen chloride) the alternative 
procedure was adopted in this group. When the 3-substituted juglones (IV; R = Cl, 
OH, NMe,, NHPh, or SEt) were reduced with acid stannous chloride the same product was 
obtained in all cases, namely, 8-hydrojuglone. This probably arises by the following 
reaction sequence : 


(IV; R = H) + RH—> 
(V; R=H) = (VI; R =H) 


the usual reduction to (V) and isomerisation to the substituted @-hydrojuglone (VI) are 
followed by an acid-catalysed elimination which removes the group R with formation 
of the corresponding “ olefin’’ (in this case, juglone), which is then reduced. The 
formation of (II; R =H) by fusion of 1: 2: 4-trihydroxynaphthalene could proceed in 
similar stages, viz. : 


CyoH(OH)s 
Pa i tn SE 


(I; R=H) = (Il; R =H) 


Any of the keto-alcohol (VII) formed by isomerisation would readily lose the elements of 
water at the temperature of fusion (ca. 200°) to form 1: 4-naphthaquinone; this in turn 
would be reduced by the excess of 1 : 2 : 4-trihydroxynaphthalene present to (I; R = H) 
(since 2-hydroxy-1 : 4-naphthaquinone has a lower electrode potential than 1 : 4-naphtha- 
quinone), which would then isomerise to the diketone (II; R =H). The formation of 
hydrogen chloride when 2-chloro-1 : 4-dihydroxy- and 3-chloro-1 : 4 : 5-trihydroxy-naph- 
thalene are heated suggests that the $-substituents are eliminated in a similar manner. 
Reduction of 3-chloro-2-methyljuglone under the usual conditions did not yield the expected 
8-hydroplumbagin but plumbagin itself was isolated. This procedure eliminates two stages 
in the recent synthesis of plumbagin (J., 1951, 1237). 

Reduction of naphthazarin (VIII; R = H) with acid stannous chloride gives rise to the 
diketone (IX; R = H) but from substituted naphthazarins two products, (IX and X), are 
possible. Four substituted naphthazarins (VIII; R = Me, OH, Cl, or NHPh) have been 
reduced by this method. In contrast to the 5-hydroxy-series, only chloronaphthazarin 
afforded 1: 2:3: 4-tetrahydro-5 : 8-dihydroxy-1 : 4-diketonaphthalene, the analogues yielding 
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new diketones—in each case a single product. Determination of the structures of these 
tautomeric compounds presented some difficulty. 


HO OH —_ 
0\/S8 
> RZ» 
(VIII) a A? () 
HO § 

it was originally thought the structure of the methyl compound could be determined by 
preparing the two possible isomers by condensing methylsuccinic anhydride with quinol, 
and succinic anhydride with toluquinol. The latter pair did indeed yield the above 
reduction product but the conditions of condensation and subsequent working up were such 
that isomerisation at some stage could not be ruled out. The structure of the reduction 
product was established by catalytic reduction of the diketone to the corresponding di- 
secondary alcohol, followed by elimination of two mols. of water. This could give either 
2- or 6-methyl-1 : 4-naphthaquinol according to the location of the methyl group in the 
original diketone. The product obtained was 2-methyl-1 : 4-naphthaquinol which could 
only have arisen from 1 :2:3:4-tetrahydro-5: 8-dihydroxy-1 : 4-diketo-6-methylnaphthalene 
(X; R = Me). 

In a somewhat similar manner the structure of the stannous chloride reduction product 
of naphthopurpurin was established. As catalytic hydrogenation of both carbonyl groups 
was difficult the hydrogenation was stopped at the keto-alcohol stage. Dehydration of 
the product followed by oxidation yielded 2: 5-dihydroxy-1: 4-naphthaquinone. This 
could only be obtained from (X; R = OH), as follows : 


H OH 
HO Y HO \/ HO 
QN/\ y, ON 
Hop YS _, HOPY/) _, HOP YS 
» 4 y, ie \ i WY, 


4 


HO ra} HO oO HO OH 


Stannous chloride reduction of naphthopurpurin therefore yields 1: 2:3: 4-tetrahydro- 
5: 6: 8-trihydroxy-1 : 4-diketonaphthalene. 

It is realised that the method by which these structures were determined does not 
exclude the possibility of isomerisation during the first stage, but it is extremely improbable 
that the diketones (IX) were formed initially in boiling acid solution and then on catalytic 
hydrogenation at room temperature enolised and re-ketonised to (X) before hydrogenation 
commenced. Before the structure of the naphthopurpurin derivative was established the 
3-u and 6-» regions of its infra-red spectrum were examined by Mr. T. S. Robinson who 
found the evidence to be consistent with either (IX or X; R = OH) but slightly in favour 
of the latter. By analogy the diketone obtained by reduction of anilinonaphthazarin is 
(X; R = NHPh) and this is supported by its ultra-violet absorption spectrum which is 
similar to that of the product from naphthopurpurin (see Fig.). Both show a peak at 
ca. 300 my not present in the curve of the product from naphthazarin. 

In the tetrahydroanthracene series several diketones are known. Leucoquinizarin (XI; 
R = OH, R’ = H) is a well-known dyestuff intermediate (for the structure see Zahn and 
Ochwat, loc. cit., and Flett, J., 1948, 1441), and a number of derivatives with substituents 
in the benzenoid ring are recorded in patents. The only simple diketone (i.c., without 
peri-hydroxyl groups) reported is 1 :2:3:4-tetrahydro-1 : 4-diketo-9 : 10-diphenylanthracene 
(XI; R= Ph, R’ =H) obtained by reduction of 9: 10-diphenyl-1 : 4-anthraquinone (Etienne 
and Bichet, Compt. rend., 1949, 229, 1154). The simplest member of the series (XI; 
R = R’ = H), has now been obtained in 50% yield by fusion of 1 : 4-dihydroxyanthracene. 
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The diketone is much more stable than the dienol. When melted in a vacuum and allowed 
to cool slowly the product was substantially the diketone with only a small amount of 
dienol. The diketone slowly dissolves in dilute alkali, forming a red solution from which 
the dienol is precipitated by acid. The elimination of $-substituents observed when 
certain substituted 5-hydroxy- and 5 : 8-dihydroxy-1 : 4-naphthaquinones are reduced has 
long been known to occur with substituted quinizarins and other pert-hydroxy- and -amino- 
anthraquinones. The elimination of 8-sulphonic acid groups, in particular, has proved 
useful in the preparation of a number of anthraquinone dyes (e.g., Marschalk, Bull. Soc. 
chim., 1927, 41, 943). On the other hand, Meyer and Sander (Amnalen, 1920, 420, 124) 
found that the pentahydroxyanthracene, obtained by reduction of purpurin with zinc and 
acetic acid in the cold, rearranged in hot glacial acetic acid in absence of air to the diketone 
(XI; R = R’ = OH) without elimination of the 8-hydroxyl group. Subsequent treatment 
of the diketone with sulphuric acid or sodium hydroxide yielded quinizarin. We have 
confirmed this; if the heating is carried out in the presence of hydrochloric acid quinizarin 
is obtained directly. In contrast, 2-chloroquinizarin is reduced to leucoquinizarin by zinc 
and acetic acid even in the cold. It may well be that 8-substituted diketones can also be 
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Reduction products of (A) naphthazarin, (B) methylnaphthazarin, (C) naphthopurpurin, and 
(D) anilinonaphthazarin. 
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obtained in the 5-hydroxy- and 5 : 8-dihydroxy-1 : 4-naphthaquinone series under suitable 
conditions. 

An interesting compound in this group is leuco-1 : 4: 5 : 8-tetrahydroxyanthraquinone 
for which a number of plausible structures can be written. The substance forms a dimethyl 
ether with diazomethane, and, under conditions which do not normally induce enolisation 
of these diketones, a tetra-acetate. This indicates the presence of four hydroxyl groups, 
two of which form hydrogen bonds as in (XII). The compound was too insoluble for 
determination of active hydrog: :, and experience has shown that it is extremely difficult 
to prepare and purify polycarbonyl derivatives from compounds of this type. The infra- 
red absorption spectrum of the crystalline leuco-compound shows a fairly strong broad band 


(XIII) 


at 3392 cm.", indicating the presence of a hydroxyl group with intermolecular (or weak 
intramolecular) hydrogen bonding. In the 6-4 region a strong band at 1606 cm. 
corresponds to a carbonyl stretching mode of vibration in which the oxygen atom is very 
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strongly hydrogen-bonded. The infra-red evidence is thus strongly in favour of structure 
(XII) or (XIII) but does not differentiate between them. In both cases the absorption in 
the 3-u region due to the strongly hydrogen-bonded hydroxyl groups would be suppressed 
(cf. Flett, loc. cit.). The chemical evidence indicates that the leuco-compound has 
structure (XII), which would be expected since (XII) contains two benzenoid rings and 
(XIII) none. 

peri-Aminoanthraquinones analogous to quinizarin also form stable leuco-compounds. 
The simplest example, leuco-1 : 4-diaminoanthraquinone (XV) (see Flett, loc. cit.), is 


HO NH, HO NH 
$sommee ss 
WY \Z YY? 

(xIV) HY Mu, no Oh 

generally prepared by the action of ammonia on leucoquinizarin but can also be obtained 
by hydrogenation of the diaminoquinone in the cold to form (X'\) which rearranges to 
(XV) when warmed in absence of air. Reduction of the diaminoquin \::* with acid stannous 
chloride eliminates the imino-groups with the formation of leucoquinizarin (G.P. 148,792). 
The structural features of leuco-1:4-diaminoanthraquinone favour the di-imino- 
configuration but the stable existence of simple di-imines analogous to (II) is unlikely. In 
fact no detectable change was observed after fusion and rapid cooling of 1 : 4-naphthylene- 
diamine in a vacuum, 


EXPERIMENTAL 


Fusion of 1:2: 4-Trihydroxynaphthalene.—1 : 2: 4-Trihydroxynaphthalene (4 g.) was 
placed in a flask (previously flushed with nitrogen) which was evacuated and heated in a bath at 
205° for 10 minutes, and then plunged into ice-water and swirled until the melt had solidified. 
The solid was extracted with warm benzene (thrice) and chloroform, and the combined extracts 
were treated with charcoal and evaporated under reduced pressure. The dark residue was 
extracted with hexane (charcoal) from which crystals, m. p. 90° (0-21 g.), separated. 
Recrystallisation from hexane afforded leaflets of 2 : 3-dihydro-1 : 4-naphthaquinone, m. p. and 
mixed m. p. 97°. Acetylation gave 1 : 4-diacetoxynaphthalene, m. p. and mixed m. p. 130°. 

6-Methyl-1 : 4-naphthaquinone (by J. M. Lyons).—This compound was first reported in 
B.P. 324,661 (no analysis or m. p.) and has recently been prepared by Bendz (Acta Chem. Scand., 
1951, 5, 489) but no details are given. A mixture of benzoquinone (10-8 g.) and isoprene (6-8 g.) 
in glacial acetic acid (60 c.c.) was set aside at room temperature with occasional shaking. After 
3 days the solution was treated with charcoal, filtered, warmed to 60°, and oxidised by the 
addition of a solution of potassium dichromate (25 g.) in water (250 c.c.) containing concentrated 
sulphuric acid (25 c.c.). The quinone separated on cooling and a further amount was isolated 
by dilution of the mother-liquor and ether-extraction. Recrystallisation from aqueous acetic 
acid afforded yellow needles, m. p. 91° (63%). Reductive acetylation yielded 1 : 4-diacetoxy-6- 
methylnaphthalene, minute leaflets, m. p. 105° (from aqueous alcohol) (Found: C, 69-9; H, 5-6. 
C,5H,,O, requires C, 69-75; H, 55%). The quinol was obtained by heating the quinone 
(0-5 g.) under reflux with stannous chloride (2 g.), concentrated hydrochloric acid (5 c.c.), and 
water (45 c.c.) for 20 minutes. The solution was filtered (charcoal) and cooled in ice. 
1 : 4-Dihydroxy-6-methylnaphthalene separated and was recrystallised from water (containing 
a little sodium dithionite), forming needles, m. p. 170° (decomp.) (75%) (Found: C, 75-5; H, 
5-75. C,,H4,)O, requires C, 75-8; H, 5-8%). 

1:2:3:4-Tetrahydro-6-methyl-1 : 4-diketonaphthalene.—1 : 4-Dihydroxy-6-methylnaphthalene 
(3 g.) was fused in a vacuum ina bath at 190—200°. After 5 minutes the melt was cooled rapidly 
in ice and extracted with warm chloroform (3 x 10c.c.), the extract cooled and filtered, and the 
solvent removed under diminished pressure. The residue was extracted with boiling light 
petroleum (b. p. 50—60°; 3 x 20c.c.), and the combined extracts were concentrated to 15 c.c. 
The diketone separated on cooling and recrystallised from the same solvent in needles, m. p. 
92° (17%) (Found: C, 75-5: H, 5-8. C,,H,)O, requires C, 75-8; H, 5-8%). The bis-p-nitro- 
phenylhydrazone formed brick-red crystals, m. p. 267° (decomp.) (from aqueous dioxan) (Found : 
C, 62-4; H, 4-5; N, 18-6. C,,H3,0,N, requires C, 62-15; H, 4-55; N, 18-9%). 

Condensation of 1: 2:3:4-Tetrahydro-1: 4-diketonaphthalene with Benzaldehyde.—Dry hydrogen 
chloride gas was passed into a refluxing solution of the diketone (0-32 g.) and benzaldehyde (0-21 g.) 
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in ether (20 c.c.) for 2 hours. The ether was then removed under reduced pressure and the 
crystalline residue recrystallised from glacial acetic acid, forming dark red crystals with a 
bronze lustre. Its reactions, as described by Fieser and Fieser (loc. cit.), were identical with a 
sample prepared by their method. 

Reduction of 3-Substituted 5-Hydroxy-1 : 4-naphthaquinones.—The substituted quinone 
(0-5 g.) was added to a hot solution of stannous chloride (2-5 g.) in hydrochloric acid (120 c.c.; 
4n). After refluxing for 30 minutes the solution was filtered and, while still warm, extracted 
with chloroform (3 x 5c.c.). The extract was dried (CaCl,), the solvent removed in vacuo, and 
the residue crystallised from light petroleum (b. p. 50—60°). 1: 2:3: 4-Tetrahydro-5-hydroxy- 
1 : 4-diketonaphthalene crystallised in light yellow leaflets, m. p. and mixed m. p. 96—97° (average 
yield, 30%). Hot acetylation gave 1 : 4: 5-triacetoxynaphthalene, m. p. and mixed m. p. 130°. 
Reduction with sodium dithionite gave lower yields. In certain cases it was convenient to 
dissolve the quinone in a little solvent. 

5-Hydroxy-2-methyl-1 : 4-naphthaquinone (Plumbagin).—3-Chloro-5-hydroxy-2-methyl-1 : 4- 
naphthaquinone (1-1 g.) was heated for 30 minutes with a boiling solution of stannous chloride 
(5-5 g.)in hydrochloric acid (240c.c.; 4N). The solution was filtered and, while still warm, extracted 
repeatedly with chloroform. Hydrogen peroxide (10 c.c.; 100-vol.) was added to the aqueous 
layer which was then extracted with ether. The ethereal and chloroform extracts were dried 
(CaCl,) and evaporated separately, and the residues crystallised from aqueous alcohol. Each 
gave plumbagin as orange-yellow needles, m. p. 77° (0-19 g. by chloroform extraction; 0-15 g. 
from the ether extract; total yield, 37%). 

Reduction of Substituted Naphthazarins.—A mixture of the quinone (1 g.), stannous chloride 
(5 g.), and hydrochloric acid (150—200 c.c.; 4N) was refluxed until the initial red colour was 
discharged (15—30 minutes), the solution filtered if necessary and allowed to cool, and the 
crystalline product collected (yield, 50—90%). In the case of methyl- and anilino-naphthazarin 
the acid stannous chloride solution was added gradually to a refluxing solution of the quinone in 
glacial acetic acid (75 c.c.). 

1:2:3:4-Tetrahydro-5: 8-dihydroxy-1 : 4-diketonaphthalene.—Obtained from chloronaphth- 
azarin in yellow needles, this had m. p. and mixed m. p. with an authentic specimen, 152°, and 
light-absorption maxima at 228, 255, and 294-5 mu (log « 4-15, 4-04, and 3-86, respectively) in 
95% alcohol. 

1:2:3:4-Tetrahydro-5 : 8-dihydroxy-1 : 4-diketo-6-methylnaphthalene.—This was prepared as 
recorded above or as follows: An intimate mixture of succinic anhydride (5g.) and toluquinol (6-4 g.) 
was added in portions toa molten mixture of aluminium chloride (50 g.) and sodium chloride (15 g.), 
stirred under nitrogen at 180—200°. Heating was continued until the evolution of hydro- 
gen chloride ceased. The melt was allowed to cool (under nitrogen) and dissolved in 4n-hydro- 
chloric acid. The mixture was heated to the b. p., filtered, and allowed to cool. The diketone 
which separated crystallised from light petroleum (b. p. 100—120°) (charcoal) in orange needles, 
m. p. 161-5° (6%) (Found: C, 58-9; H, 4:8. C,,H,,O, requires C, 59-1; H, 4:9%). Light 
absorption: Max. at 234, 263, and 394-5 my (log ¢ 4-22, 3-99, and 3-88 respectively) in 95% 
alcohol. Acetylation with 10 parts of acetic anhydride and a trace of concentrated sulphuric 
acid in an ice-bath (cf. Zahn and Ochwat, loc. cit.) afforded a diacetate which separated from 
methanol in very pale yellow needles, m. p. 169—171° (Found: C, 62°55; H, 5-1. C,;H,,O, 
requires C, 62-2; H, 4:8%). 

Determination of structure. The diketone (1-06 g.) in ethyl acetate (100 c.c.; “‘ AnalaR ’’) 
with platinum oxide (0-1 g.) was hydrogenated until 2 mols. of hydrogen had been taken up. 
After filtration the solvent was removed at 30° under reduced pressure and the residue, a light 
brown solid, refluxed for 1 hour with a solution of potassium hydroxide (200 c.c.; 15%), under 
nitrogen. The resulting solution was kept overnight, then acidified with hydrochloric acid, and 
an excess of ferric chloride solution added. An orange precipitate of 2-methyl-1 : 4-naphtha- 
quinone appeared, was collected, and dried (m. p. 102°; 78%). Reductive acetylation yielded 
1 : 4-diacetoxy-2-methylnaphthalene, m. p. 113° alone or mixed with an authentic specimen. 
The experiment was repeated with a solution of alcohol (50 c.c.) and hydrochloric acid (200 c.c. ; 
5Nn) as dehydrating agent. After 1 hour’s boiling the bulk of the alcohol was removed and the 
residual solution thrice extracted with ether. The combined extracts were dried (Na,SO,) and 
evaporated, to yield a greenish-white solid. This was extracted with boiling light petroleum 
(b. p. 50—60°). The extract on cooling deposited 2-methylnaphthaquinol, m. p. ca. 153° 
(decomp.), which on acetylation gave 1 : 4-diacetoxy-2-methylnaphthalene, m. p. and mixed 
m. p. 113° (0-2 g.). 

Naphthopurpurin.—The following procedure was found to give better yields than those 
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quoted by Fieser (J. Amer. Chem. Soc., 1928, 50, 460). Chloronaphthazarin (1-5 g.) in alcohol 
(150 c.c.) was heated under reflux with a solution of potassium hydroxide (1-9 g.) in water 
(100 c.c.) until the colour, originally royal-blue, became cherry-red. Most of the alcohol was 
removed on the steam-bath and the crude naphthopurpurin (55%) isolated by acidification with 
dilute sulphuric acid. As Fieser (loc. cit.) stated, purification of naphthopurpurin by 
recrystallisation from benzene or by vacuum-sublimation is difficult, but crude material is 
satisfactory for reduction to the leuco-compound. 

1:2:3:4-Tetrahydro-5: 6 : 8-trihydroxy-1 : 4-diketonaphthalene.—This reduction product 
crystallised from benzene in yellowish-orange needles, m. p. 223° (Found: C, 57-8; H, 4-0. 
C,,H,O, requires C, 57-7; H, 3-85%). Light absorption: Max. at 250, 263-5, 303, 356, and 
399 mu (log e 4-09, 4-09, 3-93, 3-91, and 3-98 respectively) in 95% alcohol. The infra-red spectrum 
shows a hydroxy] band at 3493 cm.-! and a carbonyl band at 1637 cm.-. 

Determination of structure. The diketone (0-4 g.) in ethyl acetate (50 c.c.; ‘ AnalaR ’’) 
with platinum oxide (0-1 g.) was hydrogenated until 1 mol. of hydrogen was taken up. At this 
stage the solution was yellow with an intense green fluorescence. After filtration the solvent 
was removed at 30° under reduced pressure, leaving a light brown solid. This was immediately 
heated in a boiling solution of potassium hydroxide (15 g.) in water (100 c.c.) for 30 minutes. The 
solution, at first yellow, became blood-red very rapidly. When cool, it was acidified with dilute 
sulphuric acid and extracted with chloroform. Removal of the solvent gave an orange solid, 
m. p. 195—200° (decomp.) (40%), not depressed by admixture with 2: 5-dihydroxy-] : 4- 
naphthaquinone; its diacetate had m. p. 151-5° alone or mixed with an authentic specimen. 

6-Antlino-1 : 2: 3: 4-tetrahydro-5 : 8-dihydroxy-1 : 4-diketonaphthalene.—Anilinonaphthazarin 
was prepared according to Fierz-David and Stockar (Helv. Chim. Acta, 1943, 26, 95), who did not 
record the m. p. Our material crystallised from chlorobenzene in dark green small plates, m. p. 233 
(Found: C, 68-2; H, 3-9; N, 5-4. Calc. for C,,H,,O,N: C, 68-3; H, 3-9; N, 50%). The 
diketone obtained on reduction crystallised from light petroleum (b. p. 100—120°) in yellow 
needles, m. p. 173—173-5° (Found: C, 67-6; H, 4:25; N, 5-0. C,,H,,0,N requires C, 67-8; 
H, 4-6; N, 495%). Light absorption: Max. at 265, 307-5, 339, and 417 my (log ¢ 4-29, 3-94, 
3-86, and 4-16 respectively) in 95% alcohol. . 

1 : 4-Dihydroxyanthracene.—1 : 4-Anthraquinone (1-5 g.) in ether (30 c.c.) was reduced by 
shaking it with sodium dithionite (3 g.) in water (40c.c.). The ethereal layer was dried (CaSQO,), 
the solvent removed, and the residue crystallised from aqueous alcohol (containing a little 
dithionite), forming pale yellow needles, m. p. 190° (decomp.; darkening from 175°) (84%) of 
the dihydroxy-compound (Found: C, 79-5; H, 5-1. C,gH,O, requires C, 80-0; H, 4:8%). 

1:2:3:4-Tetrahydro-1 : 4-diketoanthracene.—1 : 4-Dihydroxyanthracene (1-2 g.) was heated for 
a few minutes at 210—220° ina vacuum and the melt cooled rapidly inice. The solid was extracted 
with hot chloroform (3 x 10 c.c.), the solvent removed under reduced pressure, and the residue 
crystallised first from alcohol and then from light petroleum (b. p. 80—90°). The diketone 
separated in pale yellow leaflets, m. p. 170—171° (50%) (Found: C, 79-8; H, 4:7. CygHy,O, 
requires C, 80-0; H, 48%). The bis-p-nitrophenylhydrazone crystallised from aqueous dimethyl- 
formamide in rust-red needles, m. p. 295° (decomp.) (Found: C, 64:5; H, 4:3; N, 17-7. 
CygH ON, requires C, 65-0; H, 4-2; N, 17-5%). 

Reduction of Purpurin.—dZinc dust (10 g.) was stirred into a suspension of purpurin (0-5 g.) in 
glacial acetic acid (50 c.c.) and stirring was continued until no further lightening of colour was 
apparent. Subsequent operations were carried out under nitrogen. The mixture was filtered 
directly into concentrated hydrochloric acid (50 c.c.), and the filtrate refluxed for 30 minutes, 
cooled, and poured into cold water. The orange precipitate (0-35 g.) which formed crystallised 
from ethyl alcohol in orange-red needles, m. p. 195° alone or mixed with an authentic specimen 
of quinizarin. ; 

Reduction of 2-Chioroquinizarin.—2-Chloroquinizarin (1 g.), suspended in glacial acetic acid 
(50 c.c.), was stirred with zinc dust (10 g.) at room temperature until all the quinone had 
dissolved. After filtration the solution was diluted with cold water, whereupon flocculent 
yellow material was precipitated. This crystallised from light petroleum in yellow-orange 
needles, m. p. 157°, identical with leucoquinizarin. 

Leuco-1 : 4: 5: 8-tetrahydroxyanthraquinone.—Commercial material was recrystallised from 
dioxan, forming bronze leaflets m. p. ca. 300°. The tetra-acetate was obtained by stirring the 
leuco-compound (0-3 g.) into an ice-cold mixture formed by slow addition of acetyl chloride 
(0-9 c.c.) to pyridine (5 c.c.) with cooling. After 15 minutes’ stirring the yellow suspension was 
set aside for 1 hour in the ice-bath and then collected. The product crystallised from glacial 
acetic acid in minute yellow needles, m. p. 266° (decomp.) (Found: C, 59-7; H, 3-8; Ac, 40-85. 
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CoH, ,O19 requires C, 59-7; H, 4:1; Ac, 389%). The dimethyl ether, formed by treating a 
suspension of the leuco-compound (0-5 g.) in chloroform (100 c.c.) with ethereal diazomethane 
(from 1-2 g. of nitrosomethylurea) at —10°, crystallised from alcohol in dark reddish-brown 
crystals, m. p. 200° (decomp.) (Found: C, 63-25; H, 4:6; OMe, 18-5. C,,H,,O, requires 
C, 63-55; H, 4-7; OMe, 20-5%). 

1 : 4-Naphthylenediamine.—4-Nitro-1-naphthylamine (8 g.) in ethyl acetate (500 c.c.) was 
hydrogenated with Raney nickel as catalyst. After filtration the solution was concentrated, 
to 80 c.c., diluted with light petroleum (200 c.c.), and cooled in ice. The diamine separated in 
light yellow needles, m. p. 121° (80%). 

Leuco-1 : 4-diaminoanthraquinone.—1 : 4-Diaminoanthraquinone (0-5 g.) in dimethylform- 
amide (15 c.c.) was hydrogenated over Adams’s catalyst, the purple solution becoming 
brownish-red. When 1 mol. of hydrogen was absorbed, the hydrogen in the flask was displaced 
by nitrogen and the mixture warmed for 30 minutes on the steam-bath and then filtered into 
cold water (100 c.c.). After cooling in ice, the product was collected as dark crystals with a 
green lustre, m. p. 271° (decomp.) not depressed by a sample prepared from leucoquinizarin. 

Analyses are by Drs. Weiler and Strauss. We are grateful to Dr. L. Schuler for a gift of 
naphthazarin, and to Imperial Chemical Industries Limited, Dyestuffs Division, Grangemouth, 
for gifts of anthraquinones and assistance with the patent literature. It is a pleasure to record 


our thanks again to Mr. T. S. Robinson for the infra-red data and Dr. C. Daglish for the ultra- 
violet absorption curves. 
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522. isoPropylidene Derivatives of Glucosone. 


By S. Bayne, G. A. CoLiie, and J. A. FEWSTER. 


’ When glucosone condenses with acetone in the presence of sulphuric acid 
crystalline 1 : 2-2 : 3-5 : 6-triisopropylidene glucosone hydrate can be isolated. 
On partial hydrolysis 1 : 2-2 : 3-ditsopropylidene glucosone hydrate is obtained ; 
this is characterised as its crystalline diacetate, and its constitution proved 
by (a) periodate oxidation and (b) methylation and identification of 5: 6- 
dimethyl glucosone by formation of the p-bromophenylosazone of 5: 6- 
dimethyl glucose and by oxidation to «8-dimethoxypropaldehyde. 


GLUCOSONE was prepared by Fischer (Ber., 1889, 22, 87) by the action of concentrated 
hydrochloric acid on glucose phenylosazone. Hynd (Proc. Roy. Soc., 1927, B, 101, 244) 
suggested that the benzaldehyde method, applied by Fischer and Armstrong (Ber., 1902, 
35, 3141) to lactosazone and maltosazone, might have certain advantages in the preparation 
of glucosone and both methods were widely employed in the synthesis of ascorbic acid and 
its analogues. Although the benzaldehyde method was largely used in the preparation of 
the pentosones it was considered (Haworth, Hirst, Jones, and Smith, J., 1934, 1192) that the 
hydrochloric acid method was to be preferred for the less soluble hexosazones. Smith 
(Adv. Carbohydrate Chem., 1946, 2, 82) has remarked that the purity of the osone is largely 
dependent on the initial isolation of a pure osazone. The quoted m. p.s of glucosazone 
range from 205° to 212°, and the m. p. affords little indication of purity, which is best 
determined by the observation of a constant final rotation on repeated recrystallisation. 
This criterion is not applicable to those osazones which readily undergo anhydride formation, 
e.g., lactosazone (Montgomery and Hudson, J. Amer. Chem. Soc., 1930, 52, 2105) and 
sedoheptulosazone. For the present work glucosone has been prepared in good yield by an 
adaptation of the benzaldehyde method; exhaustive attempts to purify the syrup do not 
alter its chemical properties or cause variation in its toxicity to animals (Bayne, Biochem. 
J., 1952, 50, xxvii) or in its inhibition of yeast fermentation (Mitchell and Bayne, 7bid., 
1952, 50, xxvii). 

Preparation by direct oxidation of glucose or preferably fructose by using hydrogen 
peroxide in the presence of a ferrous salt (Morrell and Crofts, J., 1899, 786), selenium 
dioxide (Dixon and Harrison, Biochem. J., 1932, 26, 1954), or copper acetate (Evans, 
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Nicoll, Strause, and Waring, J. Amer. Chem. Soc., 1928, 50, 2267) has the disadvantage that 
the oxidation process is not specific and the varied by-products are not easily separated 
from the osone. 

None of the osones has been crystallised, and there is no simple method of assessing their 
purity. Glucosone reduces the copper reagents, including Fehling’s solution, in the cold 
and has been shown (Hynd, personal communication) to react with alkali cyanide, forming a 
product which gives an intense blue colour with Benedict’s arsenophosphotungstic acid 
reagent for uric acid (Ariyama, J. Biol. Chem., 1927, 74, xiv). The rapid formation of 
a quinoxaline with o-phenylenediamine (Fischer, loc. cit.; Ohle, Ber., 1934, 67, 155), and the 
reaction at ordinary temperature with phenylhydrazine or substituted phenylhydrazines 
(Morrell and Crofts, Joc. cit.) have been used in the detection of glucosone. Attempts to 
use these reactions quantitatively (Dixon and Harrison, loc. cit.; Berkeley, Biochem. ]., 
1933, 27, 1357; Bond, Knight, and Walker, idid., 1937, 31, 1033) have been hampered by 
the lack of a glucosone standard or a crystalline derivative from which glucosone might be 
readily prepared in pure form. 

By treatment of a purified glucosone syrup with acetone there was obtained in fair yield 
a crystalline derivative which was fully substituted and insoluble in water. The compound 
was identified analytically as a tritsopropylidene glucosone hydrate, at least one of the 
isopropylidene groups of which was labile to dilute acid, the crystalline compound not being 
recoverable after brief treatment with 0-1N-sulphuric acid. It has been pointed out by 
Bell (J., 1947, 1461) that this behaviour is characteristic of those isopropylidene sugars 
which possess a furanose ring, a possible exception being 1 : 2-4 : 5-diisopropylidene 
fructose which, although partially hydrolysed by cold dilute acid (Irvine and Garrett, J., 
1910, 1283), is not generally considered to have a furanose structure. The labile iso- 
propylidene group is generally attached to the primary alcoholic group of the sugar (Bell, 
loc. cit.). 

From the graded hydrolysis of the tritsopropylidene glucosone hydrate a ditsopropylidene 
derivative was separated and characterised as its crystalline acetate. Two acetyl groups 
were shown to be present by direct titration, this result demonstrating that the tso- 
propylidene group removed was not attached to the hydrated keto-group of the sugar. 
Stacey and Turton (J., 1946, 661) have shown that the free hydroxyl group on the second 
carbon atom of tetra-acetyl glucosone hydrate (II1) has an incipiently ionic hydrogen atom ; 
thus, if the labile tsopropylidene group in triisopropylidene glucosone hydrate were attached 
in such a position the direct titration of ditsopropylidene glucosone hydrate diacetate should 
have required 3 equivalents of acid. The assignment of the structure 1 : 2-2: 3-dirso- 
propylidene p-glucosone hydrate (II) to the ditsopropylidene compound and 1 : 2-2: 3- 
5 : 6-tritsopropylidene D-glucosone hydrate (I) to the parent compound depends on the 
demonstration that the former, prepared by deacetylation of its diacetate, may be oxidised 
by one mol. of periodate with the production of one mol. of formaldehyde. Confirmation 
has been obtained by removal of the isopropylidene groups from dimethylditso- 
propylidene D-glucosone hydrate (IV), prepared by methylation of diisopropylidene 
glucosone hydrate; the resulting partially methylated osone forms 5 : 6-dimethyl glucose 
p-bromophenylosazone, and may be oxidised by periodate to «$-dimethoxypropaldehyde 
(dimethyl glyceraldehyde), characterised as the #-bromophenacyl derivative of «$- 
dimethoxypropionic acid (dimethy] glyceric acid). 
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Tetra-acetyl glucosone hydrate was first prepared from acetobromoglucose and defined 
structurally as (III) by Maurer (Ber., 1929, 62, 332; ibid., 1930, 63, 25), although in a later 
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publication Maurer and Bohrne (Ber., 1936, 69, 1399) suggested that the corresponding 
benzoyl derivative was 2:3: 4: 6-tetrabenzoyl glucosone, having a 1 : 2-ethylene oxide 
ring. The possible reasons for the hydration of the keto-group in tetra-acetyl glucosone 
hydrate have been specified by Stacey and Turton (loc. cst.). The ring structure in 
2: 3:4: 6-tetra-acetyl D-glucosone hydrate (III) is established as pyranose as no ring dis- 
placement is likely in the transformation of acetobromoglucose to the glucosone derivative. 
In 1 : 2-2: 3-5: 6-tritsopropylidene D-glucosone hydrate (I), on the other hand, a furanose 
ring is considered to be present, and while this in no way implies a similar structure for free 
glucosone it is apparent that, in acid conditions, conversion into the 1 : 4-furanose modific- 
ation with a free or hydrated keto-group is facilitated. 

Fleury and Fievet-Guinard (Ann. Pharm. franc., 1947, 5, 404) showed that glucosone was 
oxidised regularly by periodic acid to formaldehyde, formic acid, and glyoxylic acid which 
was further degraded to formic acid and carbon dioxide. It had been noted (Hynd, loc. 
cit.) that glucosone might contain one or possibly two oxidic rings, the first evidence in this 
direction being supplied by Becker and May (J. Amer. Chem. Soc., 1949, 71, 1941) from the 
selective oxidative action of lead tetra-acetate on glucosone. These workers observed a 
fairly rapid initial utilisation of two moles of oxidant per mole of glucosone, followed by a 
slow progressive oxidation over several days, no significant amount of formaldehyde being 
formed. They suggest various possible ring structures for glucosone but are unable to 
differentiate between them on the available evidence. The absence of formaldehyde as an 
oxidation product would seem to exclude the possibility that the 1 : 4-furanose modification 
present in the sopropylidene derivative is a quantitatively important component of the free 
sugar. The same authors have also noted that rotational changes take place in an aqueous 
solution of glucosone. It is surprising that there is no previous record of this observation, 
which we have now confirmed. 

Various other structural possibilities for glucosone have been advanced but it appears 
that definitive proof is lacking in all cases. From the reaction with Schiff’s reagent and 
sodium sulphite Dixon and Harrison (loc. cit.) postulated a free aldehyde group. Their 
method of preparation, involving oxidation of fructose by selenium dioxide, is not sufficiently 
specific to exclude the possibility that impurities may account for these results; glucosone 
prepared by other methods does not show the same properties. Furthermore in the present 
work it has not been possible to prepare a semicarbazone or oxime from glucosone, and the 
sugar does not react with dimedone in aqueous solution. Bednarezyk and Marchlewski 
(Bull. intern. Acad. polon. Sci., 1938, A, 524) from a study of the ultra-violet absorption 
considered that glucosone in aqueous solution might contain a free carbonyl group, 
although they admit the possible impurity of their material which was prepared by Fischer’s 
(loc. cit.) original method. The same authors record similar observations for fructose 
(Biochem. Z., 1938, 300, 42) and sorbose. From other evidence it is known that the free 
keto-form of these sugars is in fact present in aqueous solution to a limited extent. Evans, 
Nicoll, Strause, and Waring (oc. ett.) proposed a A?-diol structure for glucosone, regarding 


CH,OH CH,-OH 
H | H | 
(Vv) <r YH(OH) K= —H(OH) (VI) 
HO HO] | 

H O HO HO 
Fischer’s lead-glucosone complex as the salt of this structure. Briill (Ricerca scient., 
1937, 8, I, 527) drew an analogy between the reductones and the osones and assigned to 
glucosone the hemiacetal structure (V) in equilibrium with the tautomeric (VI). 


EXPERIMENTAL 
M.p.s are uncorrected. Microanalyses for carbon and hydrogen are by Drs. Weiler and 
Strauss, Oxford. 
p-Glucose Phenylosazone.—(a) The preparation was based on Weygand’s (Ber., 1940, 73, 
1259) utilisation of p-toluidine as a catalyst in osazone formation. p-Glucose hydrate (100 g.) 
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gave D-glucose phenylosazone (130 g., 725%) as pale yellow crystals, m. p. 208° (decomp.), 
[a]) —58-5° —-> — 36° (24 hours) [c, 1-00 in pyridine-ethanol (2 : 3)]}. 

(b) N-p-Tolyl-p-isoglucosamine was prepared according to Weygand’s method (loc. cit.). 
Reaction with phenylhydrazine gave glucose phenylosazone, m. p. 208°, in almost quantitative 
yield. 

D-Glucosone.—The method was essentially that of Reichstein, Griissner, and Oppenauer 
(Helv. Chim. Acta, 1933, 16, 561, 1069). D-Glucose phenylosazone (10 g.) gave a pale yellow 
syrup (2-8 g.) which was further purified by extraction with hot 96% ethanol. p-Glucosone 
(2-2 g., 44-5%) was obtained as a very pale yellow, thick syrup, [«]}} —10-6° —-» +7-9° (275 
hours) (c, 8-52 in water). It did not restore the colour to Schiff’s reagent, it reduced Fehling’s 
solution in the cold, and it gave a blue colour with Benedict’s arsenophosphotungstic acid 
reagent for uric acid (Hynd, personal communication) and with Adler’s benzidine reagent. 

Treatment of D-Glucosone with Acetone.—Glucosone (4:5 g.) was shaken for 8 hours with 
acetone (150 c.c.) containing concentrated sulphuric acid (5 c.c.) and the mixture cooled and 
neutralised with anhydrous sodium carbonate. The filtrate was evaporated to dryness and the 
residual semi-crystalline syrup was crystallised from methanol; further crops were obtained 
by concentration of the mother liquor and chromatographic analysis of the concentrate on an 
alumina column; the total yield was 1-07 g. (13-5%). Recrystallisation from methanol gave 
triisopropylidene v-glucosone hydrate, m. p. 125°, [«]}’ —6-6° (c, 2:12 in methanol) (Found: 
C, 57-0; H, 7-5; CMe,, 39-5. C,,H,,O, requires C, 56-9; H, 7-6%; 3CMe,, 39-9%). 

L-Glucosone.—The mixture of L-glucose and L-mannose obtained by acid decomposition of 
the product of the condensation of L-arabinose with nitromethane (Sowden and Fisher, J. Amer. 
Chem. Soc., 1947, 69, 1963) was treated with phenylhydrazine acetate, giving L-glucosazone, 
m. p. 205—206°, [«]if +57° —-» + 36° (24 hours) [c, 1-00 in pyridine-ethanol (2: 3)}. L-Gluc- 
osazone (5 g.) was refluxed with benzaldehyde in aqueous ethanol and the resulting solution 
of osone purified as described for p-glucosone. .-Glucosone, a colourless syrup (1-0 g., 40-0%), 
showed the same chemical properties as p-glucosone. 

Triisopropylidene L-Glucosone Hydrate.—When L-glucosone (1-0 g.) was treated with acetone 
as described above, crystalline triisopropylidene L-glucosone hydrate (0-2 g., 11-5%) was obtained, 
m. p. 125°, [if +6-8° (c, 2-00 in methanol) (Found : C, 57-1; H, 7-6%). 

Attempted Acetylation of Triisopropylidene D-Glucosone Hydrate.—(a) The compound was 
recovered unchanged when treated with pyridine (3 c.c.) and acetic anhydride (3 c.c.). 

(b) The derivative (0-5 g.) was heated with acetic anhydride (5 c.c.) and anhydrous sodium 
acetate (0-1 g.) for 5 hours at 75°, but was recovered unchanged. 

Attempted Methylation of Triisopropylidene Dv-Glucosone Hydrate.—(a) The compound 
(0-75 g.) was subjected to four methylations with silver oxide (1-0 g.) and methyl iodide (3 c.c.) 
(Purdie and Irvine, J., 1903, 1021). The residual semi-crystalline syrup was unchanged starting 
material. 

(b) The derivative (0-5 g.) dissolved in dry ether (10 c.c.) was refluxed with sodium wire 
(0-5 g.) for 6 hours; no reaction was apparent. The solution was decanted from the sodium 
and treated with methyl sulphate (0-3 c.c.) (Vischer and Reichstein, Helv. Chim. Acta, 1944, 
27, 1332), but only unchanged material (0-4 g.) was recovered. 

Hydrolysis of Triisopropylidene D-Glucosone Hydrate.—(a) The compound (0-2 g.) was 
refluxed with acetic acid (5 c.c.), water (5 c.c.), and 0-1 N-hydrochloric acid (0-1 c.c.) for 2 hours. 
p-Glucosone was identified by the rapid formation in the cold of p-glucose phenylosazone (0-1 g.), 
m. p. 205° after recrystallisation from ethanol and unchanged by admixture with authentic 
p-glucose phenylosazone. The identity of the osazone was confirmed by its conversion into 
2-phenyl-4-p-arabotetrahydroxybutyl-2 : 1 : 3-triazole, m. p. 194° (cf. ‘‘ D-glucose phenyloso.- 
triazole ’’; Hahn and Hudson, J. Amer. Chem. Soc., 1944, 66, 735). 

(b) The derivative (0-48 g.) was dissolved in 85% acetic acid (10 c.c.), the whole kept at 50°, and 
the hydrolysis followed polarimetrically (Fig., p. 2770). After 3 hours a slight coloration with the 
arsenophosphotungstic acid reagent and a slight reduction of Fehling’s solution were observed. 
After 20 hours a strong coloration was obtained with the arsenophosphotungstic acid reagent, 
and the solution strongly reduced Fehling’s solution. 

Partial Hydrolysis of Triisopropylidene p-Glucosone Hydrate.—The compound (1-32 g.) was 
dissolved in 85% acetic acid (26 c.c.), and the solution kept at 50° for 10 hours. The solution 
was evaporated at 40° to a pale yellow syrup (1-1 g.), from which a small crystalline fraction 
(0-1 g.), identified as unchanged compound, separated. The syrup, which gave only a very faint 
colour with the arsenophosphotungstic acid reagent and did not reduce Benedict's solution, was 
purified by extraction with acetone. 

8P 
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Diacetyl Diisopropylidene D-Glucosone Hydrate.—The syrup (0-39 g.) obtained by partial 
hydrolysis of the triisopropylidene derivative was dissolved in acetic anhydride (4-0 c.c.) and 
warmed at 75° for 5 hours with anhydrous sodium acetate (0-1 g.). The syrup (0-47 g.), froma 
chloroform extract of the product, crystallised from ether—light petroleum as colourless aggre- 
gated prisms (0-38 g., 75-0%), m. p. 69°. Recrystallisation from aqueous methanol gave 
diacetyl diisopropylidene D-glucosone hydrate, m. p. 70°, {«]}® + 15-9° (c, 1-44 in methanol) [Found : 
C, 53-2; H, 6-65; CMe,, 23-4; OAc, 24-8 (by direct titration). C,,H,,O, requires C, 53-3; 
H, 67; 2CMe,, 23:2; 20Ac, 23-9%]. 

Oxidation of Diisopropylidene D-Glucosone Hydrate by Periodate at Room Temperature.— 
(a) Reduction of periodate. Diacetyl diisopropylidene p-glucosone hydrate (0-134 g.) was dissolved 
in 0-1N-sodium hydroxide (12 c.c.) at 100°. The solution was cooled and neutralised (phenol- 
phthalein) by addition of 0-1N-hydrochloric acid. 0-265m-Sodium periodate (2 c.c.) was added 
and the volume adjusted to 20 c.c. The periodate was determined on samples by the usual 
iodine—arsenite method; 0-92 mole of periodate was reduced per mole of the sugar in 2 hours, 
and 0-98 mole in 6 hours. 

(b) Formic acid production. Titration of a 6-hour sample (10 c.c.) showed that no acid had 
been formed. 

(c) Formaldehyde production. The technique employed was that described by Bell (/., 
1948, 992) and Bell and Greville (J., 1950, 1902). When the solution of ditsopropylidene 
p-glucosone hydrate obtained as in (a) was oxidised under these conditions the product formed 
(32-2 mg. in 2 hours, 34-8 mg. in 24 hours; from 23-2 mg. of the diacetyl compound) on addition 
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of dimedone had m. p. 140—150°. After a single recrystallisation from ethanol (1 c.c.) the 
formaldehyde derivative, m. p. 184—185° alone and mixed with an authentic sample, was 
obtained. 0-79 Mole of formaldehyde was formed per mole of the sugar in 2 hours, and 0-80 
mole in 24 hours. 

By addition of water to the ethanolic mother liquor a crystalline product, m. p. 158—159° 
after two recrystallisations from 50% ethanol, was isolated. The expected carbohydrate 
product is 1: 2-2: 3-diisopropylidene 5-a/do-p-xylosone hydrate; it would appear that its 
dimedone derivative is insoluble in water. Bell (/oc. cit.) did not observe the precipitation of 
carbohydrate-dimedone derivatives following periodate oxidation of partially methylated sugars, 
and oxidation of 1: 2-isopropylidene p-glucose, under the same conditions, yielded only the 
dimedone derivative of formaldehyde, the oxidation product, 1 : 2-isopropylidene 5-aldo-p-xylose 
(Iwadare, Bull. Chem. Soc. Japan, 1941, 16, 40), remaining in solution, presumably as its dimedone 
derivative. 

Methylation of Diisopropylidene pv-Glucosone Hydrate.—(a) Deacetylation. The diacetate 
(1-0 g.) was subjected to catalytic deacetylation by sodium in methanol. 

(b) Methylation. The usual procedure with methyl iodide and silver oxide was employed in 
four methylations. The product was distilled in a vacuum (90—110°/0-05 mm.) to yield syrupy 
dimethyl diisopropylidene v-glucosone hydrate (0-37 g., 43%), [«]? +1-2° (c, 3-3 in methanol) 
(Found : OMe, 19-5; C,,H,,O, requires 20Me, 20-4%). 

Hydrolysis of Dimethyl Diisopropylidene p-Glucosone Hydrate. A solution of the hydrate 
(50 mg.) in methanol was evaporated to a small volume (0-25 c.c.), water (1 c.c.) and con- 
centrated hydrochloric acid (2 drops) were added, and the mixture was heated at 100° for 10 
minutes. The hydrolysate was neutralised by addition of solid sodium acetate. With 
p-bromophenylhydrazine hydrochloride (0-2 g.) and sodium acetate (0-2 g.) a crystalline deriv- 
ative, m. p. 154°, was obtained. Salmon and Powell (J. Amer. Chem. Soc., 1939, 61, 3507) give 
m. p. 156° for 5 : 6-dimethyl glucose p-bromophenylosazone. 

Oxidation of 5 : 6-Dimethyl p-Glucosone.—To N-sulphuric acid (2 c.c.) in an open dish heated 
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on the boiling-water bath was added dropwise a solution of the diisopropylidene derivative 
(150 mg.) in methanol (4-5 c.c.). After 15 minutes’ heating to remove methanol the yellow 
solution was transferred to a conical flask and cooled. 10% Sodium metaperiodate (6 c.c.) was 
added, and the mixture set aside at room temperature for 72 hours. From the reaction product, 
by Salmon and Powell’s method (loc. cit.), there was obtained a solution of af-dimethoxy- 
propionic acid, identified as its p-bromophenacy] derivative (150 mg., 64-5%). 


The authors thank Dr. A. Hynd for advice and supervision during part of this research, 
Mr. I. L. S. Mitchell, B.Sc., for the acetone determinations, the University Court of the Uni- 
versity of St. Andrews for a Purdie Research Scholarship (to G. A. C.), and the Carnegie Trust 
for the Universities of Scotland for Scholarships (to G. A. C. and J. A. F.). 
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523. Unusual Reactions of Thallium. Part I. Alkoxides and 
Aryloxides of Thallium as Oxidising Agents. 


By L. P. McHatton and M. J. SOULAL. 


Benzoins are quantitatively oxidised to the corresponding diketones by 
thallous alkoxides and aryloxides, which are thereby reduced to the metal. 
Aliphatic acyloins are not oxidised by similar treatment but yield normal 
thallium derivatives. A convenient method for the preparation of the 
thallous alkoxides and aryloxides is described. 


RicsBy (J., 1951, 793) has recently described the oxidation of benzoins and aliphatic 
acyloins with bismuth acetate, which is reduced to the metal in the process. A similar 
reaction has been observed by us, in which alkoxides and aryloxides of thallium react 
almost quantitatively with benzoins in benzene or alcohol, thus : 


Ar-CO-CHAr-OH + 2TIOR = (Ar-CO), + 2Tl + 2ROH 


Aliphatic acyloins on the other hand are not oxidised : e.g., thallous ethoxide and acetoin 
or butyroin in benzene yield stable thallium derivatives. Furoin and the mixed benzoyl- 
2-furoyl acyloin resemble the aryl compounds in being completely oxidised to furil and 
2-furyl phenyl diketone respectively. 

During the investigation we simplified the preparation of the thallous alkoxides 
(Sidgwick and Sutton, J., 1930, 1461). We obtained good results by shaking a liquid 
thallium amalgam with the alcohol or enol in benzene at room temperature, in an atmo- 
sphere of air enriched with oxygen. The methoxide and ethoxide were prepared by 
treating an excess of the appropriate alcohol with the amalgam. The derivatives prepared 
are recorded in Table 2 (p. 2772). An attempt to prepare the thallous derivative of ethyl 
benzylacetoacetate by the general method gave, abnormally, a mixture of thallous acetate 
and the thallous derivative of ethyl phenylpyruvate, formed presumably by the oxidation 
of the thallous derivative of ethyl benzylacetoacetate. The pre-formed thallous derivative 
of ethyl benzylacetoacetate gave the same products when shaken in benzene with thallium 
amalgam and oxygen. 3-Benzylpentane-2 : 4-dione behaved in the same way, yielding 
benzyl methyl diketone and thallous acetate; the pre-formed thallous derivative in 
benzene reacted with oxygen to yield the same products. 

The acyloins listed in Table 1 gave the stated yields of diketones by the use of thallous 
ethoxide as oxidising agent. The other thallous derivatives (Table 2) were examined 


TABLE 1. 


Reactant Product Yield, % Reactant Product Yield, % 
Benzoin i Acetoin Tl derivative of High 
acetoin 
Butyroin Tl derivative of High 
butyroin 


Ph:CH(OH)CO-C,H,O Ph-CO-CO-C,H,O 
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TABLE 2. 
Bh Fe Ti, %: 
Thallous derivative of .p. found  reqd. Thallous derivative of M. p. found reqd. 
Phenol * 232 68-4 68-7 p-Methoxyphenol 52-2 62-4 
o-Cresol j 65-4 5 Thymol § 57-7 57: 
m-Cresol * Of 65-6 , Carvacrol ° 57- 
p-Cresol 20% 65-4 5: Eugenol Pp : 55° 
o-Methoxyphenol * 3 62-3 2 
m-Methoxyphenol * 62-4 2: Ethyl acetoacetate ¢ ... 51- 6 
Ethyl ethylacetoacetate 170 § 5 
* Sidgwick and Sutton (/J., 1930, 1461). + Christie and Menzies (J., 1925, 2369). 
t M. p. with decomp. § Decomp. pt. 


l- 
6- 


qualitatively for action on benzoin, and in each case oxidation was made evident by 
precipitation of metallic thallium. 


EXPERIMENTAL 
M. p.s are uncorrected. 


Preparation of Thallous Alkoxides and Aryloxides.—Thallium (0-02 mole) was dissolved in 
warm mercury to give a 3% amalgam. This was vigorously shaken in a separating funnel 
with the alcohol or enol (0-02 mole) in benzene (100 ml.), oxygen being passed in. Oxygen 
was added until absorption ceased and no further heat was evolved. The thallous compound 
was then either filtered off or precipitated by light petroleum (b. p. 100—120°); it was purified 
by solution in benzene and reprecipitation, or recrystallisation from ethanol (pyridine was 
found to be necessary in the case of the eugenol derivative). For products see Table 2. 

Oxidation of Benzoins.—To a solution of the benzoin in benzene was added a weighed excess 
of thallous ethoxide in benzene, and the precipitated thallium was filtered off, washed with 
benzene and ether, and weighed. The excess of ethoxide was determined by the addition of 
glacial acetic acid and saturated alcoholic potassium iodide ; the filtrate was evaporated to a 
small bulk, and the diketone recrystallised. For results see Table 1. 

Thallous Derivative of Acetoin.—A solution of thallous ethoxide (8-4 g.) was added to 
acetoin (2-4 g.; b. p. 148°) in benzene. A colourless crystalline precipitate was formed. This 
was purified by dissolution in ethanol (in which it is very soluble) and precipitation with benzene. 
This thallous derivative formed plates, m. p. 126° (decomp.), decomposing in moist air (Found : 
Tl, 70-0. C,H,O,TI requires Tl, 70-1%). 

Thallous Derivative of Butyroin.—Thallous ethoxide (2-5 g.) and butyroin (1-5 g.; b. p. 
84°/12 mm.) in benzene gave the colourless thallous derivative on addition of ether. It was 
purified by solution in benzene and precipitation with ether, forming plates, m. p. 129° (Found : 
Tl, 59-0. C,H,,0,T1 requires Tl, 58-9°%). 

Oxidation of Ethyl Benzylacetoacetate-—Thallium amalgam (containing 8-5 g. of thallium) 
and ethyl benzylacetoacetate (4-5 g.) were shaken in benzene, as in the preparation of the aryl- 
oxides. Reaction proceeded in two stages, first with moderate liberation of heat and absorption 
of oxygen, and then with liberation of much heat and a large absorption of oxygen accompanied 
by the precipitation of thallous acetate (4-9 g.) (Found: Tl, 77-6. Calc. for C,H,O,T1: Tl, 
77-6%). This salt was decomposed by means of potassium iodide and then yielded p-nitro- 
benzyl acetate, m. p. 78° (lit., 78°), and ~-bromophenacyl acetate, m. p. 85° (lit., 85°). The 
filtrate from the reaction mixture, on treatment with light petroleum (b. p. 100—120°), yielded 
the thallous derivative of ethyl phenylpyruvate, a colourless solid rapidly changing to a sticky 
yellow mass of indefinite m. p. (Found: TI, 51-5. C,,H,,0,Tl requires Tl, 51-7%). After 
decomposition with potassium iodide in alcohol, this gave a green colour with ferric chloride, and 
yielded a phenylhydrazone, m. p. 89° (lit., 89°), and a semicarbazone, m. p. 164°, not depressed 
on admixture with an authentic specimen (lit., 159—160°, 167°). 

Thallous Derivative of Ethyl Benzylacetoacetate.—Addition of thallous ethoxide (2-4 g.) in 
benzene to a solution of the ester (2-0 g.) in benzene, and then addition of light petroleum 
(b. p. 100—120°), gave the thallous derivative of the ester as a colourless flocculent precipitate 
rapidly decomposing to a sticky mass of indefinite m. p. (Found : Tl, 48-1. C,,H,,0,T1 requires 
Tl, 48-3%). 

When this derivative (from 5-2 g. of ester) in benzene was shaken with thallium amalgam 
(containing 4-9 g. of thallium) and oxygen, thallous acetate (5-8 g.) was precipitated; ethyl 
phenylpyruvate (4-0 g.) was isolated as before. 
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Oxidation of 3-Benzylpentane-2 : 4-dione.—Thallium amalgam (containing 4-2 g. of thallium) 
and the diketone (3-8 g.) were shaken in benzene in the presence of oxygen; the reaction occurred 
in two stages as before; thallous acetate was precipitated (4-8 g.), and the liquid containing 
benzyl methyl diketone (2-9 g.), after removal of the solvent, gave an osazone, m. p. 171° not 
depressed by the addition of an authentic sample (lit., 172—173°). 

Thallous Derivative of 3-Benzylpentane-2 : 4-dione.—Addition of thallous ethoxide (2-6 g.) 
to the diketone (1-9 g.) in benzene and precipitation with light petroleum (b. p. 100—120°) 
gave a lemon-yellow powder, m. p. 78° (decomp. at 90°), which was rapidly oxidised in air 
(Found: Tl, 52-3. C,,H,,0,T1 requires Tl, 52-0%). 

Oxidation.—A mixture of thallous ethoxide (2-6 g.) and the diketone (1-2 g.) in benzene was 
shaken with oxygen. It yielded thallous acetate (2-4 g.) and benzyl methyl diketone (1-4 g.). 


One of us (M. J. S.) thanks the Chemical Society for a grant from the Research Fund which 
has defrayed part of the cost of the investigation. 
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524. Titanium Chloride Alkoxides. 
By D. C. Brapiey, D. C. Hancock, and W. WARDLAW. 


Various methods for the preparation of the new compounds, 
TiCl,,CH,°CO,Et, TiCl,-OEt,CH,°CO,Et, and TiCl,-OPr',CH,°CO,Et, are 
described. These compounds distilled under reduced pressure without 
change in composition and the possibility that titanium exhibits here a 
covalency of 5 is considered. The new alkoxides TiCl,,OR where R = Me, 
Et, Pr’, and Bu® were readily obtained from the rapid radical-interchange 
reaction between the tetrachloride and the appropriate tetra-alkoxide. 
Certain of the titanium chloride alkoxides disproportionate when heated 
under reduced pressure. 


TITANIUM CHLORIDE ETHOXIDES have been known since 1875 when Demargay (Compt. 
rend., 1875, 80, 51) reported that the reaction between titanium tetrachloride and ethanol 
led to the formation of a crystalline solid to which he assigned the formula TiCl(OEt),,HCl. 
Sixty years elapsed before the error in this formulation was pointed out and the correct 
formula TiCl,(OEt),,EtOH deduced by Jennings, Wardlaw, and Way (J., 1936, 637). In 
addition these authors demonstrated that in general the reaction between titanium tetra- 
chloride and an alcohol took the course : 


TiCl, + 3ROH —> TiCl,(OR),,ROH + 2HCI 


Further it was shown that titanium monochloride triethoxide could be prepared from 
titanium tetraethoxide and acetyl chloride : 
Ti(OEt), + CH,-COCl —> TiCl(OEt), + CH,°CO,Et 


In view of the successful isolation of the monochloride triethoxide from titanium 
tetraethoxide (1 mol.) and acetyl chloride (1 mol.) it seemed possible that the hitherto 
unknown trichloride monoethoxide might be obtained from the tetraethoxide (1 mol.) and 
acetyl chloride (3 mols.) in accordance with the reaction : 


Ti(OEt), + 3CH,-COC] —> TiCl,-OEt + 3CH,-CO,Et 


Actually, the very stable compound TiCl,(OEt),CH,*CO,Et was isolated and could be 
distilled unchanged under reduced pressure. Further investigation disclosed that by 
using excess of acetyl chloride it was possible to prepare TiC],,CH,°CO,Et : 


Ti(OEt), + 4CH,-COC] —> TiCl,,CH,-CO,Et + 3CH,-CO,Et 


Like TiCl,-OEt,CH,°CO,Et, this new complex can be distilled unchanged under reduced 
pressure. In a further endeavour to obtain the simple TiCl,-OEt an excess of titanium 
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tetrachloride was added to titanium tetraethoxide. A vigorous reaction ensued and a 
solid was deposited which could be recrystallised from the tetrachloride. The crystalline 
product proved to be the required TiCl,-OEt : 


STiCl, + Ti(OEt), —> 4TiCl,-OEt 


The simplicity of this preparation encouraged us to examine the reaction between excess 
of titanium tetrachloride and other tetra-alkoxides of titanium. The isolation of the new 
trichloride monoalkoxides TiCl,-OR, where R = Me, Et, Pr’, and Bu®, demonstrates the 
scope of this useful radical-interchange reaction. 

Further investigation of reactions involving titanium tetrachloride and titanium tetra- 
ethoxide in different proportions gave some interesting results. For example, when the 
tetrachloride (1 mol.) was added to the tetraethoxide (1 mol.) a crystalline solid (A) with the 
empirical formula TiCl,(OEt), was obtained. However, the action of heat showed that 
this substance was not pure titanium dichloride diethoxide. Substance (A) on distillation 
gave some titanium trichloride ethoxide whereas the authentic TiCl,(OEt), gave none. 
We formed the opinion that substance (A) consisted of titanium dichloride diethoxide 
mixed with the trichloride ethoxide and chloride triethoxide. Similarly, the product 
obtained from a mixture of the tetrachloride (1 mol.) and the tetra-m-butoxide (1 mol.) 
gave a distillate containing TiCl,-OBu® although authentic TiCl,(OBu"), gave no TiCl,-OBu" 
on distillation. 

It was not surprising to find that the product from the reaction between titanium 
tetrachloride (1-43 mols.) and titanium tetraethoxide (1 mol.) gave on distillation a 
considerable quantity of titanium trichloride ethoxide. It is suggested that in these 
radical-interchange reactions an equilibrium is attained involving the various chloride 
alkoxides of titanium and that only in certain cases (e.g., excess of tetrachloride) will a 
single chloride alkoxide be formed. 

A characteristic property of titanium chloride alkoxides is the tendency to 
disproportionation when they are heated under reduced pressure. Thus the trichloride 
methoxide furnished a mixture of TiCl,-OMe, TiCl,(OMe),, and TiCl,, probably in 
accordance with the scheme : 


2TiCl,-OMe —> TiCl,(OMe), + TiC], 


The trichloride m-butoxide behaved similarly when heated under reduced pressure. In 
addition the trichloride methoxide disproportionated when crystallised from boiling carbon 
tetrachloride. 

During these studies an interesting property of titanium tetra-tert.-amyloxide was 
observed. Thus even at a low temperature this compound readily reacted with excess of 
titanium tetrachloride and gave a product which was shown to be impure TiCl,*O°CMe,Et. 
In an attempt to prepare the latter in a higher state of purity the reaction between titanium 
tetra-tert.-amyloxide (1 mol.) and acetyl chloride (3 mols.) was investigated. However, 
the tetra-amyloxide proved resistant to attack and a mixture of TiCl(O-CMe,Et), and 
unchanged tetra-alkoxide was obtained. 

By the addition of ethyl acetate to TiCl,-OEt it was possible to isolate the complex 
TiCl,-OEt,CH,°CO,Et identical with that obtained from the reaction between the tetra- 
ethoxide and acetyl chloride. Similarly, TiCl,-OPr',CH,-CO,Et was prepared by the 
addition of ethyl acetate to TiCl,-OPr' and could be distilled unchanged under reduced 
pressure. The thermal stability of TiCl,,CH,°CO,Et, TiCl,,OEt,CH,-CO,Et, and 
TiCl,-OPr',CH,°CO,Et demonstrates the strength of the co-ordinate link between 
titanium and oxygen, while the volatility of these compounds raises the question of 
whether titanium is exhibiting here a covalency of 5 or 6. 


EXPERIMENTAL 
Apparatus.—All-glass apparatus fitted with standard interchangeable joints was used and 
special precautions were taken to exclude moisture. 
Chemicals.—Titanium tetrachloride (B.D.H. product) was redistilled immediately before use. 
Ethyl and methy] alcohols were dried over the appropriate magnesium alkoxide and distilled. 
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Ethyldimethylcearbinol (B.D.H. purified tert.-amyl alcohol) was azeotropically dried and care- 
fully fractionated. m-Butyl and isopropyl alcohols (‘“‘ AnalaR’”’ grade) were dried over the 
appropriate aluminium alkoxide and distilled. 

Ethyl acetate was washed with calcium chloride solution, then water, and after being dried 
(K,CO,) was distilled. 

Acetyl chloride was treated with phosphorus pentachloride and then carefully fractionated. 

Carbon tetrachloride was dried over phosphoric oxide and distilled. 

Hydrocarbons were dried over sodium wire and distilled. 

Analytical Methods.—Samples were dissolved in dilute nitric acid and gravimetric methods 
used for determining titanium (as TiO,) and chloride (as AgCl). Alkoxide determinations were 
carried out volumetrically by the methods of Bradley and Wardlaw (J., 1951, 280). Carbon 
and hydrogen determinations were carried out by Drs. Weiler and Strauss (Oxford). 

Molecular-weight Determinations.—(i) Ebullioscopic method. A modified Menzies—Wright 
apparatus was used, as described by Bradley, Mehrotra, and Wardlaw (/J., in the press). 

(ii) Cryoscopic method. Apparatus of the conventional type was used and atmospheric 
moisture excluded by a slow stream of nitrogen. 

Preparation of Titanium Tetra-alkoxides.—The alkoxides Ti(OR), where R = Et, Pri, and 
Bu" were prepared by the method developed in these laboratories (Bradley, Mehrotra, and 
Wardlaw, loc. cit.). The solution of titanium tetrachloride in the appropriate alcohol was 
diluted with benzene and treated with ammonia. After the removal of ammonium chloride and 
solvent the titanium tetra-alkoxide was distilled under reduced pressure. Other alkoxides 
were prepared by the alcohol-interchange method. 

Titanium tetraethoxide. From the reaction involving titanium tetrachloride (75 g.) and 
ethanol (145 g.), the titanium tetraethoxide (72 g.) was obtained as a colourless viscous liquid 
(b. p. 124°/1-6 mm.) which slowly solidified [Found : Ti, 21-0; EtO, 78-0. Calc. for Ti(OC,H,), : 
Ti, 21-0; C,H,O, 79-0%]. Speer (J. Org. Chem., 1949, 14, 655) and Cullinane ef al. (J. Appl. 
Chem., 1951, 1, 400) found’b. p. 104°/1 mm. and 146°/8-0 mm. respectively. 

Titanium tetraisopropoxide. Titanium tetrachloride (78 g.) and isopropyl alcohol (197 g.) 
were likewise converted into titanium tetraisopropoxide (93 g.), a colourless mobile liquid, b. p. 
97°/7-5 mm. [Found : Ti, 16-9; C,H,O, 83-0. Calc. for Ti(OC,H,),: Ti, 16-9; C,H,O, 83-1%}. 

Titanium tetra-n-butoxide. Titanium tetrachloride (110 g.) and n-butanol (205 g.) were 
converted into titanium tetra-n-butoxide (115 g.) which was distilled at 160°/0-8 mm. (cf. Speer, 
b. p. 134—136°/0-5—1-0 mm.) [Found: Ti, 14-1. Calc. for Ti(OC,H,),: Ti, 14:1%]. 

Titanium tetra-1 : 1-dimethylpropoxide. Titanium isopropoxide (23-4 g.) was treated with 
tert.-amyl alcohol (54 g.), and the solution fractionated until no more isopropyl alcohol was 
liberated. The excess of ¢ert.-alcohol was recovered by distillation under reduced pressure and 
the final tetra-alkoxide, a colourless mobile liquid (27 g.), was distilled at 106°/0-3 mm. [Found : 
Ti, 12-0. Ti(OC,H,,), requires Ti, 12-1%]}. 

Titanium tetramethoxide. Titanium isopropoxide (79 g.) was heated for 14 hours with boiling 
methanol and gave a solid product. To complete the interchange it was necessary to repeat the 
treatment. The final solid product (45 g.) was dried at 40°/0-1 mm. [Found: Ti, 27-9; MeO, 
71-7. Calc. for Ti(OMe),: Ti, 27-9; MeO, 72-1%]. A portion of this product was sublimed 
(170°/0-01 mm.) and gave silky white needles (Found ; Ti, 27-9; MeO, 71-2%). 

Preparation of TiCl,,CH,°CO,Et.—(i) From titanium tetraethoxide. Acetyl chloride (50 c.c.) 
reacted vigorously with the tetraethoxide (11-8 g.) at 0°. The solution was refluxed for 14 hours 
and the excess of solvent removed by distillation. The solid product was distilled 
(ca. 80°/2 mm.) and gave the complex as a pale yellow crystalline mass (10 g.) (Found: Ti, 16-8; 
Cl, 49-2. TiCl,,CH,°CO,Et requires Ti, 17-2; Cl, 51-0%). The compound dissolved instantly 
in water and gave a clear acidic solution which smelled of ethyl acetate. 

(ii) From titanium tetrachloride. The tetrachloride (11-3 g.) reacted vigorously with ethyl 
acetate (50 c.c.) at 0° and gave a yellow solid which dissolved on warming. After removal of 
excess of ethyl acetate the solid product (ca. 10 g.) was purified by distillation (ca. 85°/1 mm.). 
This product appeared to be identical in crystalline form and properties with that prepared in 
the previous experiment (Found: Ti, 17-1; Cl, 50-3%). 

Preparation of TiCl,(OEt),CH,°CO,Et.—(i) Acetyl chloride (12-3 g., 3 mols.) was added to 
titanium tetraethoxide (11-9 g., 1 mol.), and the products were refluxed for 2 hours. After 
removal of ethyl acetate by distillation the remaining solid was distilled (ca. 90°/0-5 mm.) and 
afforded a pale yellow crystalline complex (12 g.) (Found: Ti, 17-1; Cl, 38-2; C, 23-4; H, 4-75. 
TiCl,-OC,H,,CH,°CO,C,H, requires Ti, 16-7; Cl, 37-0; C, 25-1; H, 456%). 

(ii) Ethanol (1-1 g.) in benzene (30 c.c.) was added to a solution of TiCl,,CH,*CO,Et (6-8 g.) 
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in benzene (40 c.c.). The solution evolved hydrogen chloride during 14 hours’ refluxing. After 
removal of solvent a pale yellow crystalline solid was obtained which was distilled as in (i) 
(Found: Ti, 16-9; Cl, 39-4%). 

(iii) Ethyl acetate (40 c.c.) was added to titanium trichloride ethoxide (4 g.), and a clear 
solution resulted. Removal of excess of ethyl acetate left a solid which was distilled (ca. 80— 
90°/2 mm.) and gave a crystalline product (5 g.) (Found: Ti, 17-1; Cl, 37-0%). 

Molecular-weight determinations. (a) Four b. p. elevations (AT) between m= 
0-426 and m = 1-204 g. in benzene (35-9 c.c.) gave slope AT/m = 0-214° (Found: M, 
410. TiCl,-OEt,CH,°CO,Et requires M, 287). 

(b) With 0-324, 0-552, 0-7505, and 1-144 g. of solute dissolved in benzene (25-7 g.) the following 
cryoscopic results were obtained: M, 384, 428, 445, and 446 (average, 426). The agreement 
between the two method is probably fortuitous. 


Radical-interchange reactions 

Preparation of TiCl,,OEt.—Titanium tetrachloride (46 g.) reacted vigorously and 
exothermally with titanium tetraethoxide (8 g.) and gave a yellow solid which was recrystallised 
from the excess of tetrachloride. The crystals were separated, washed with carbon tetra- 
chloride, and when purified by distillation (b. p. 60—85°/2 mm.) gave the pale yellow trichloride 
ethoxide (27 g.) (Found: Ti, 24-0; Cl, 52-5; EtO, 22-1. TiCl,-OEt requires Ti, 24-0; Cl, 53-4; 
EtO, 22-6%). Four b. p. elevations [0-324—0-965 g. of solute in benzene (36-6 c.c.)] gave AT /m 
0-311° (Found: M, 277. TiCl,-OEt requires M, 199-3). 0-266 and 0-614 g. of solute in benzene 
(21-2 g.) gave cryoscopically M, 304, 249. 

Preparation of TiCl,-OBu".—Titanium tetrachloride (57 g.) was added dropwise to the tetra- 
n-butoxide (10 g.) at 0°. The solid trichloride n-butoxide (20 g.) obtained after separation and 
washing with light petroleum was dried at 20°/0-1 mm. (Found : Ti, 20-8; Cl, 46-4. TiCl,-OBu® 
requires Ti, 21-1; Cl, 46-8%). The product was dissolved in boiling light petroleum and 
the solution separated from a small insoluble residue. Cooling to 0% brought about deposition 
of a white solid which was dried at 20°/0-1 mm. (Found: Ti, 20-7; Cl, 45:7%). When the 
foregoing solid (3-0 g.) was heated at 65—80°/0-5 mm. a crystalline distillate of unchanged 
material (1-3 g.) (Found: Ti, 21-4; Cl, 45-7%) was obtained and a viscous brown residue 
(1-2 g.) remained. A more volatile fraction (0-5 g.) (Found: Ti, 27-0; Cl, 60-6. Calc. for 
TiCl,OH: Ti, 28-5; Cl, 62.0%), presumably partly hydrolysed TiCl,, was collected in the 
cold trap (—78°). The residue when further heated gave two more fractions, at 100°/0-5 mm. 
and 100—160°/0-5 mm. (1-0 g.) [Found: Ti, 19-9; Cl, 40:0%; Cl/Ti, 2:72. A mixture of 
TiCl,*OBu® (2 mols.) and TiCl,(OBu"), (1 mol.) requires Ti, 20-0; Cl, 39-4%]}. 

Preparation of TiCl,;OMe.—Titanium tetrachloride (40 g.) was added dropwise to the tetra- 
methoxide (3-6 g.) and the mixture heated at 120° for 10 minutes. In view of the insolubility 
of the tetramethoxide in organic solvents the ready dissolution in titanium tetrachloride is of 
some interest. The clear solution deposited a mass of crystals on cooling. After separation and 
washing with light petroleum, the trichloride methoxide (14-1 g.) was dried at 40°/1 mm. (Found : 
Ti, 25-8; Cl, 55-9; MeO, 18-0. TiCl,-OMe requires Ti, 25-8; Cl, 57-4; MeO, 16-8%). A sample 
(2-5 g.) of this product was heated at 0-1 mm. At 90—100° a crystalline distillate (1-2 g.) 
(Found: Ti, 26-0; Cl, 45-0; MeO, 26-8%; Cl/Ti, 2-34. MeO/Ti, 1-60), evidently a mixture of 
TiCl,(OMe) and TiCl,(OMe),, was collected, in addition to some more volatile material (probably 
titanium tetrachloride) condensed in the trap (—78°). A white residue (0-6 g.) (Found: Ti, 
28-3; Cl, 34:8; MeO, 34:0%; Cl/Ti, 1-66; MeO/Ti, 1-85) remained. 

Another portion (7-0 g.) of the original product was refluxed with carbon tetrachloride 
(150 c.c.) for } hour. Some insoluble residue remained while the vapour contained a titanium 
compound having an acid reaction (probably the tetrachloride). The hot filtrate deposited 
needle-like crystals (2-5 g.) which were uniform in appearance (Found: Ti, 25-8; Cl, 45-7; 
MeO, 27:9%; Cl/Ti, 2-4; MeO/Ti, 1-6). Evidently TiCl,-OMe disproportionates when heated 
in solution or under reduced pressure. 

Preparation of TiCl,-OPr'—When mixed at room temperature, the tetrachloride and tetra- 
isopropoxide gave an insoluble product (Found : Cl/Ti, 1-46) and hydrogen chloride was evolved. 
To obtain TiCl,-OPr' the addition of the tetrachloride (37 g.) to the tetra-alkoxide (5-6 g.) was 
carried out very slowly at 0°. The solid product was immediately separated and washed with 
carbon tetrachloride. Pale yellow titanium trichloride isopropoxide (4-5 g.) remained after 
drying (25°/0-1 mm.) (Found: Ti, 22-5; Cl, 49-3. TiCl,-OPr' requires Ti, 22-5; Cl, 49-9%). 
A portion of this product was distilled at ca. 65°/1 mm. and gave needle-like crystals (Found : 
Ti, 22-4; Cl, 49-5%). 
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Preparation of TiCl,-OPr',CH,°CO,Et.—Titanium trichloride isopropoxide (2 g.) was dissolved 
in ethyl acetate (30 c.c.), the clear solution evaporated to dryness under reduced pressure, and 
the solid complex dried at room temperature (0-1 mm.) (Found: Ti, 15-8; Cl, 33-8. 
TiCl,-OPr',CH,°CO,Et requires Ti, 15-9; Cl, 35-3%). The foregoing product was distilled at 
ca. 70°/0-1 mm. and gave a crystalline distillate (Found: Ti, 16-1; Cl, 35-2%). 

Preparation of TiCl,(OEt),,EtOH and TiCl,(OEt),.—Titanium tetrachloride (33 g.) was 
added to ethanol (33 g.) in light petroleum (250 c.c.). The mixture was refluxed until hydrogen 
chloride evolution ceased (66 hours). The crystalline mass (29-7 g.) which was deposited on 
cooling was dried at room temperature (0-1 mm.) [Found: Ti, 18-6; Cl, 27-8. Calc. for 
TiCl,(OEt),,EtOH : Ti, 18-8; Cl, 27-8%]}. 

A portion (6-7 g.) of the compound was heated and gave a distillate (3 g.; b. p. 118°/8 mm.) 
which solidified on cooling [Found: Ti, 22-6; Cl, 30-2. Calc. for TiCl,.,(OEt),,: Ti, 22-7; 
Cl, 30-3%}. 

A portion (5 g.) was submitted to azeotropic distillation (light petroleum) to remove the 
solvate alcohol. Some needle-like crystals were deposited on cooling [Found: Ti, 
22-9; Cl, 33-1. Calc. for TiCl,(OEt),: Ti, 22-9; Cl, 339%]. Four b. p. elevations (m = 
0-168 — 0-922 g.) in benzene (34-2 c.c.) gave AT/m = 0-306° [Found: M, 300. Calc. for 
TiCl,(OEt),: M, 208). 

A portion (0-5 g.) of the foregoing product was heated under reduced pressure and gave a 
distillate, b. p. 80—85°/0-1 mm. (Found: Cl/Ti, 1-79), and a residue (Found: Cl/Ti, 1-33). 

Preparation of Substance (A).—Titanium tetrachloride (17-8 g., 1 mol.) was added dropwise 
to a solution of the tetraethoxide (21-4 g., 1 mol.) in light petroleum (200 c.c.) at 0°. The 
mixture was refluxed for 5 hours and gave a clear solution which crystallised on cooling. The 
solid product (A) was separated, washed with light petroleum, and dried at 50°/0-2 mm. [Found : 
Ti, 22-9; Cl, 33-8; EtO, 43-0. Calc. for TiCl,(OEt),: Ti, 22-9; Cl, 33-9; EtO, 43-2%]. A 
portion was recrystallised from light petroleum (Found: Ti, 22-9; Cl, 33-99%). A further 
portion was distilled at 0-2 mm. and gave three fractions between 100° and 120°: the most 
volatile (Found : Ti, 24-0; Cl, 48-9%; Cl/Ti, 2-76) readily solidified and was evidently mainly 
the trichloride ethoxide. The middle fraction (Found: Ti, 23-3; Cl, 37-8; EtO, 386%; 
Cl/Ti, 2-20; EtO/Ti, 1-76), clearly a mixture of dichloride diethoxide with some trichloride 
ethoxide, slowly solidified, as did the third fraction (Found: Ti, 23-0; Cl, 35-6%) which was 
chiefly TiCl,(OEt),. Similar behaviour occurred when (A) (6-0 g.) was heated at 18 mm. The 
more volatile fraction (1 g.; b. p. 100°) was mainly the trichloride ethoxide, whilst the other 
fraction (3-1 g.; b. p. 100—154°) (Found: Ti, 23-2; Cl, 37-2%; Cl/Ti, 2-16) consisted of the 
dichloride diethoxide with some trichloride ethoxide. 

Treatment of (A) with ethanol gave a clear solution on warming. The solution was 
evaporated to dryness under reduced pressure and the solid product dried at room temperature 
(0-1 mm.) [Found: Ti, 18-5; Cl, 26-7. Calc. for TiCl,(OEt),,EtOH: Ti, 18-8; Cl, 27-8%)}. 
This product was distilled at 1 mm. and gave no trichloride ethoxide but, instead, two fractions 
[b. p. 118—122° (Found: Ti, 22-3; Cl, 30-4%; Cl/Ti, 1-84) and b. p. 123° (Found: Ti, 22-0; 
Cl, 26-0%; Cl/Ti, 1-6)], which were evidently mixtures of dichloride diethoxide and chloride 
triethoxide. 

Preparation of TiCl,(OBu"),.—(a) Titanium tetrachloride (25 g.) was added slowly to 
n-butanol (50 g.), and the mixture refluxed for 52 hours. Excess of butanol was removed by 
distillation and the remaining product distilled at4mm. The main fraction (10 g.; b. p. 130— 
140°) [Found: Ti, 18-0; Cl, 26-1. Calc. for TiCl,(OBu"),: Ti, 18-1; Cl, 26-8%] was the 
dichloride di-n-butoxide, but the less volatile fraction (b. p. 140—200°) (Found: Ti, 15-7; Cl, 
18-6% ; Cl/Ti, 1-6) was a mixture thereof with the chloride tri-n-butoxide. 

(b) Titanium tetrachloride (9-5 g., 1 mol.) was added dropwise to a solution of the tetra-n- 
butoxide (17-2 g., 1 mol.) in light petroleum (50 c.c.) at 0°. The clear solution was refluxed 
for 2 hours and the solvent then removed by distillation. The final product was heated at 
1 mm. and gave a distillate (7 g.; b. p. 104°) (Found: Ti, 20-3; Cl, 31-3%; Cl/Ti, 2-08) which 
evidently contained some trichloride n-butoxide. The residue (Found: Ti, 17-7; Cl, 18-0%; 
Cl/Ti, 1-38) did not distil below 200° and appeared to be a partly decomposed mixture of 
dichloride di-n-butoxide and chloride tri-n-butoxide. 

Reaction between Titanium Tetrachloride (1-43 Mols.) and Titanium Tetraethoxide (1 Mol.).— 
Titanium tetrachloride (18-1 g.) was slowly added to titanium tetraethoxide (15-1 g.) at 0°. The 
mixture was heated at 100° for 15 minutes and a viscous liquid remained on cooling. This 
substance was distilled at 2 mm. and with the heating-bath at 80° gave a solid distillate (9 g.) 
[Found: Ti, 23-75; Cl, 484%; CI/Ti, 2-75. Cale. for a mixture of TiCl,OEt 
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(3 mols.) + TiCl,(OEt), (1 mol.): Ti, 23-7; Cl, 484%]. A viscous liquid residue (21-9 g.) 
remained [Found : Ti, 23-7; Cl, 31-2. Calc. for TiCl,(OEt),: Ti, 22-9; Cl, 33-99%]. Further 
heating of this residue at 100°/3 mm. gave more crystalline distillate (5 g.), followed at 200° by a 
liquid which was contaminated by the aforementioned solid. 

Reaction between Titanium Tetrachloride and Titanium Tetra-tert.-amyloxide.—Titanium 
tetrachloride (24 g.) in light petroleum (50 c.c.) was added dropwise to a solution of the tetra- 
alkoxide (4:7 g.) in light petroleum (30 c.c.) at —78°. The solid trichloride tert.-amyloxide 
produced was separated and washed three times with carbon tetrachloride, then dried at room 
temperature (0-1 mm.) (Found: Ti, 19-7; Cl, 38-7%; Cl/Ti, 2-65. TiCl,OC;H,, requires 
Ti, 19-8; Cl, 44:1%). This (11 g.) gave dense white fumes when exposed to moist air and 
acquired a violet colour. It was soluble in ethyl acetate but decomposed when heated under 
reduced pressure. 

Reaction between Titanium Tetra-tert.-amyloxide and Acetyl Chloride.—Acetyl chloride 
(1-18 g., 3 mols.) was added to the alkoxide (2 g., 1 mol.), and the mixture heated at 50° for 
4 hour, and then for } hour at 80°. Excess of acetyl chloride was removed by distillation and 
the final product distilled at 115—120°/0-3 mm. (Found: Ti, 13-27; Cl, 665%; Cl/Ti, 0-68). 
This was evidently a mixture of tetra-tert.-amyloxide and chloride tri-tert.-amyloxide. 


BIRKBECK COLLEGE, Lonpon, W.C.1. [Received, March 19th, 1952.) 





525. Sugar Nitrates. Part I. Removal of Nitrate and Toluene- 
p-sulphonyl Groups from Esters of Substituted Methyl-v-glucosides. 


By E. G. ANSELL and JoHN HONEYMAN. 


The major products obtained by the alkaline hydrolysis of 2 : 3-dinitrates 
and 3-nitrates of 4: 6-acetals of «-methyl-p-glucosides are found to be the 
glucose derivatives, although small amounts of the acetals of methyl-2 : 3- 
anhydro-a-p-alloside have also been isolated. This is in contrast to the 
corresponding toluene-p-sulphonates which give the 2: 3-anhydro-alloside, 
usually as the sole product. In the case of a 3-nitrate 2-toluene-p-sulphonate, 
however, the anhydro-alloside is obtained in high yield. 4: 6-Ethylidene 
8-methyl-p-glucoside 2: 3-dinitrate is more difficult to hydrolyse than is its 
anomer: the only product obtained is the 3-nitrate. This in turn is 
extremely stable, but when it is hydrolysed 4: 6-ethylidene 2: 3-anhydro- 
@-methyl-p-alloside only is detected. The reductive fission of such nitrates 
by lithium aluminium hydride gives the 4: 6-acetal of the glucoside. The 
nitrates are converted into the corresponding acetates by heating them 
with sodium iodide in acetic anhydride. 


THE main purpose of this investigation was to compare the course of alkaline hydrolysis of 
sugar nitrates with that of sulphonates. Since complications arise when 4 : 6-benzylidene 
a-methyl-p-glucoside is nitrated (Oldham, J. Soc. Chem. Ind., 1934, 53, 236T) the 
preparation of derivatives of «- and $-methyl-D-glucosides substituted at positions 4 and 6 
by aliphatic groups was studied. The direct reaction of a-methyl-D-glucoside with 
paraldehyde in the presence of sulphuric acid or with acetaldehyde and zinc chloride leads 
to the production of 4 : 6-ethylidene 2 : 3-oxydiethylidene «-methyl-p-glucoside,* which is 
recovered unchanged after treatment with dinitrogen pentoxide in chloroform. It is of 
interest that although in the formation of this compound three new asymmetric carbon 
atoms are introduced only one isomer has been obtained and that is the one previously 
prepared by Appel and Haworth (J., 1938, 793). Attempts to obtain 4: 6-ethylidene 
a-methyl-D-glucoside by partial hydrolysis of the ‘‘ oxy ’’-compound indicated that the 
yields were too low for preparative purposes, and so indirect methods starting from 4 : 6- 
benzylidene «-methyl-p-glucoside were investigated. The liquid product obtained by the 
hydrolysis of 4: 6-benzylidene «-methyl-p-glucoside 2 : 3-diacetate was condensed with 


* The name 2: 3-oxidodiethylidene was used by Appel and Haworth (loc. cit.) for the radical 
—CHMe:O-CHMe-. 
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paraldehyde but no solid product was obtained even after deacetylation. This was possibly 
due to acetyl migration, resulting in a mixture of «-methyl-D-glucoside diacetates. A 
similar sequence from the 2: 3-dibenzoate gave crystalline 4: 6-ethylidene «-methyl-p- 
glucoside identical with Appel and Haworth’s compound (loc. cit.). In contrast to the 
behaviour of $-methyl-L-arabinoside (Oldham and Honeyman, /., 1946, 986), only one of 
the two possible 4: 6-ethylidene «-methyl-D-glucosides has so far been isolated. The 
same selectivity was evident in the preparation of 4: 6-ethylidene «-methyl-p-glucoside 
2: 3-ditoluene-f-sulphonate directly from 4: 6-ethylidene «-methyl-p-glucoside or 
indirectly from the 4:6-benzylidene compound. The most practical method for 
preparation of 4: 6-ethylidene a-methyl-D-glucoside was an adaptation of that described 
by Mellies, Mehltretter, and Rist (J. Amer. Chem. Soc., 1951, 73, 294) for other acetals. 
On treatment of «-methyl-D-glucoside with paraldehyde and concentrated hydrochloric 
acid for a short period the desired compound became the major product and was readily 
separated from the ‘‘ oxy ’’-compound and unchanged a-methyl-p-glucoside. In order to 
study the effect of the substituent at positions 4 and 6 on the stability of ester groups at 
positions 2 and 3, 4 : 6-propylidene a-methyl-p-glucoside was prepared by a method similar 
to that used for the ethylidene compound. Dewar and Fort’s method (/., 1944, 492) was 
used for preparing 4 : 6-ethylidene $-methyl-D-glucoside, shown to be a single individual 
by quantitative conversion into the crystalline diacetate and then quantitative 
deacetylation to the original compound. Although the reactions have been less fully 
investigated it has been established that $-methyl-p-glucoside readily forms crystalline 
2 : 3-oxydipropylidene 4 : 6-propylidene $-methyl-D-glucoside with propaldehyde and the 
corresponding oxydi-n-butylidene compound with n-butaldehyde. The structures of 
these two products have been assumed by analogy; again, only one of the possible isomers 
has been isolated. 

Many sugar nitrates have been prepared by Oldham’s method (J., 1925, 127, 2840) 
which uses fuming nitric acid in chloroform but has the disadvantage that it removes acid- 
labile groups. Thus, Dewar, Fort, and McArthur (/J., 1944, 499) found that 4 : 6-ethylidene 
6-methyl-p-glucoside is converted by this method into $-methyl-D-glucoside 2: 3: 4: 6- 
tetranitrate. Gladding and Purves (J. Amer. Chem. Soc., 1944, 66, 153) found fuming 
nitric acid containing phosphoric oxide to be convenient. The method used in the present 
work is Oldham’s modified one (see, ¢.g., Bell and Synge, J., 1937, 1711; 1938, 833), using 
dinitrogen pentoxide in chloroform. The reactions are extremely rapid, usually occupying 
five minutes at 0°, and the products, isolated in high yield, are easily purified, well-defined 
crystalline substances. The reaction has been found useful as a rapid and simple way of 
detecting unsubstituted alcoholic hydroxyl groups. 

Reductive methods have generally been used for removing nitrate groups, ¢.g., iron dust 
in acetic acid (Oldham, Joc. cit., 1925), a mixture of zinc and iron dusts in acetic acid 
(Dewar and Fort, J., 1944, 492, 497), and catalytic hydrogenation (Kuhn, J. Amer. Chem. 
Soc., 1946, 68, 1761). Zinc in acetic anhydride converts the nitrate into the corresponding 
acetate (Hoffman, Bower, and Wolfrom, ibid., 1947, 69, 249). In none of these methods 
is any complication such as anhydro-ring formation or inversion of configuration likely, nor, 
indeed, has any been detected. In one notable case Dewar and Fort (loc. cit.) obtained 
2:4-dimethyl §-methyl-p-glucoside from its 3: 6-dinitrate. During the present 
investigation removal of nitrate groups by lithium aluminium hydride in boiling ether has 
been found to proceed normally but slowly, so that even after two days unchanged nitrate 
was recovered. By this method 4: 6-propylidene «-methyl-p-glucoside 2 : 3-dinitrate has 
been converted into 4: 6-propylidene «-methyl-D-glucoside together with some of 
its 3-nitrate; a similar result was obtained with 4: 6-ethylidene $-methyl-p- 
glucoside 2: 3-dinitrate. Thus, reductive fission with lithium aluminium hydride 
resembles that of other reagents in that reaction proceeds at (a) and not at (bd). 


(¢) (5) 


R—O—'—NO, R—'—O—NO, 


Nitryl-oxy-fission Alkyl-oxy-fission 
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These processes are termed nitryl—oxy-fission and alkyl—oxy-fission, respectively, by analogy 
with the expressions commonly used for hydrolysis of simple carboxylic esters. It is of 
interest that Schmid and Karrer (Helv. Chim. Acta, 1949, 32, 1371) have found that toluene- 
p-sulphonyloxy-groups attached to a primary carbon atom may be removed by reduction 
with lithium aluminium hydride either by sulphonyl—oxy-fission, as when _1-tosyl 
‘‘’’-diisopropylidene D-fructose is reduced to ‘‘ 8 ’’-ditsopropylidene D-fructose, or by 
alkyl-oxy-fission, as in the conversion of diisopropylidene 6-tosyl D-galactose into ditso- 
propylidene D-fucose. 

Sodium iodide in acetone has also proved of value for removal of nitrate groups, and is 
of particular interest because of its selectivity. The nitrate group attached to Ci of 
aldohexosides is replaced by an iodine atom. Nitrate groups on secondary carbon atoms 
are, in some cases, replaced by hydroxyl groups, presumably via an unstable iodo-compound 
which is hydrolysed during purifications involving aqueous solutions. In this way Dewar 
and Fort (loc. cit., p. 492) converted 4: 6-ethylidene $-methyl-D-glucoside 2 : 3-dinitrate 
into the 3-nitrate, and 2: 3-dimethyl $-methyl-p-glucoside 4 : 6-dinitrate into 2: 3-di- 
methyl 6-deoxy-6-iodo-8-methyl-D-glucoside. This reaction converted 8-methyl-D-glucoside 
2:3:4: 6-tetranitrate chiefly into 6-deoxy-6-iodo-8-methyl-D-glucoside 2-nitrate, with the 
3-nitrate as a by-product (Dewar, Fort, and McArthur, Joc. cit.). The method has now been 
found to be useful for converting 4 : 6-propylidene «-methyl-D-glucoside 2 : 3-dinitrate in 
high yield into the 3-nitrate, whose structure has been proved by methylation and 
hydrolysis to 2-methyl «-methyl-D-glucoside (Haworth, Hirst, and Teece, J., 1931, 2858). 

The action of sodium iodide in acetic anhydride on toluene-p-sulphonates has been 
found by Hann, Wolfe, and Hudson (J. Amer. Chem. Soc., 1944, 66, 1898) to be the same as 
when acetone is used. Barker and Goodrich (/J., 1949, S 233) extended the use of sodium 
iodide in acetic anhydride to cases where the tosyloxy-group is on a primary carbon atom 
attached to a secondary carbon atom with a free hydroxyl group, thus avoiding production 
of an unsaturated compound. This reagent has been found to react with 4 : 6-ethylidene 
6-methyl-p-glucoside 2: 3-dinitrate to give, after three hours at 100°, 4: 6-ethylidene 
6-methyl-D-glucoside 2-acetate 3-nitrate or, after three hours’ boiling, the 2 : 3-diacetate. 

A good illustration of the resistance of nitrates to alkali is the ready conversion of 
@-methyl-D-glucoside 2: 4-diacetate 3: 6-dinitrate into §-methyl-D-glucoside 3: 6-di- 
nitrate (Dewar and Fort, loc. cit., p. 492). The alkaline hydrolysis, even of simple alkyl 
nitrates, has not been thoroughly investigated. Nef (Annalen, 1899, 309, 126) has shown 
that their reaction with alcoholic potassium hydroxide is in many ways analogous to that 
of the corresponding sulphates and halides. With nitrates, however, the reaction leading 
to unsaturated compounds is of minor importance, but a slow oxidation—reduction process 
appears which may become dominant, as when benzy] nitrate is converted quantitively into 
benzaldehyde and potassium nitrite. Some direct hydrolysis to alcohol also occurs, but 
usually to a small extent only, although this increases with the stability of the nitrate. 
With methy] and ethyl] nitrates the chief product with alcoholic alkali is an ether, together 
with decomposition products arising from carbonyl by-products. The hydrolysis of glycerol 
trinitrate has been studied by Nef (loc. cit.) and by Klason and Carlson (Ber., 1906, 39, 2752), 
but it is uncertain whether glycerol is formed. The resistance of cellulose nitrate to alkali has 
been demonstrated by Kenyon and Gray (J. Amer. Chem. Soc., 1946, 58, 1422), who showed 
that a large proportion of nitrite is produced. When attached to Cy) of an aldose the 
methanesulphonyloxy- and the nitrate group react in the same way as a halogen atom 
(Helferich and Gniichtel, Ber., 1938, 71, 712; Koenigs and Knorr, Ber., 1901, 34, 957). 
Reaction of nitrate on C;,) has been shown by Gladding and Purves (J. Amer. Chem. Soc., 
1944, 66, 76) to be as rapid as that of acetoxyl groups, and, to complete the analogy of nitrate 
with halogens, the product obtained is 1 : 6-anhydro-$-D-glucopyranose. 

A nitrate group on Ci) of glucose is also similar in reaction to sulphonate or halogen 
(Fischer and Zach, Ber., 1912, 45, 456; Haworth, Owen, and Smith, J., 1941, 88; Gladding 
and Purves, loc. cit., p. 76). The alkaline hydrolysis of sugar sulphonates has been 
thoroughly investigated and the principles and mechanism were reviewed by Peat (Amn. 
Reports, 1939, 36, 258; Adv. Carbohydrate Chem., 1946, 2, 37) and by Isbell (Ann. Rev. 
Biochem., 1940, 9, 65). The product obtained in this way by Haworth, Hirst, and Panizzon 
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(J., 1934, 154) from 2-tosyl 6-methyl-p-glucoside is 2 : 3-anhydro-8-methyl-p-mannoside, 
i.e., hydrolysis at position 2 has resulted in alkyl-oxy-fission. Hydrolysis of 4: 6- 
benzylidene a-methyl-D-glucoside 2: 3-ditoluene-f-sulphonate gives a_ practically 
quantitative yield of 4:6-benzylidene 2: 3-anhydro-«-methyl-D-alloside (Robertson 
and Griffith, J., 1935, 1193; Robertson and Whitehead, J., 1940, 319; Richtmyer and 
Hudson, J. Amer. Chem. Soc., 1941, 63, 1727). Here, the tosyl group is removed from 
position 2 (sulphonyl—oxy-fission), whereas on position 3 the tosyloxy-group is removed 
(alkyl—oxy-fission). The same is true of 4: 6-benzylidene a-methyl-D-altroside 2 : 3-di- 
toluene-p-sulphonate which, as shown by Robertson and Whitehead (loc. cit.), is hydrolysed 
quantitatively to 4: 6-benzylidene 2 : 3-anhydro-«-methyl-D-mannoside. Further evidence 
for this difference in the mode of removal of the two tosyl groups in 2: 3-ditoluene-p- 
sulphonates arises from the present work. Alkaline hydrolyses of the 2 : 3-ditoluene-p- 
sulphonates of 4 : 6-ethylidene and 4 : 6-propylidene «-methyl-D-glucoside proceed readily 
to give, in each case, a high yield of a single crystalline methyl-2 : 3-anhydro-p-hexoside 
derivative : that from the ethylidene compound is 4 : 6-ethylidene 2 : 3-anhydro-a-methyl- 
p-alloside; that from the propylidene compound is also considered to be an alloside because 
of its formation, described below, from 4 : 6-propylidene a-methyl-D-glucoside 3-nitrate. 
Alkaline hydrolysis of 4: 6-ethylidene 6-methyl-p-glucoside 2 : 3-ditoluene-p-sulphonate 
was more difficult and less straightforward. Some unchanged ester was recovered, together 
with an unidentified by-product, but the chief product (40%) was a 4: 6-ethylidene 
2 : 3-anhydro-$-methyl-D-hexoside, which was identical with that obtained, as described 
below, from 4 : 6-ethylidene $-methyl-D-glucoside 3-nitrate, and is considered, therefore, 
to be the alloside. 

Only one example has previously been investigated of the alkaline hydrolysis of a sugar 
nitrate in which the nitrate group is trans to an adjacent free hydroxyl group. Gladding 
and Purves (loc. cit., p. 76) treated 8-methyl-D-glucoside 3 : 4 : 6-triacetate 2-nitrate in this 
way and obtained in good yield a syrup with the elementary analysis, free hydroxy] group 
content, and behaviour towards periodate of a methylanhydrohexoside. This syrup 
deposited crude crystals of the same analysis, but neither the syrup nor the solid was 
completely characterised. However, it was concluded that the analogy between nitrates 
and sulphonates applied in such cases. In the examples studied during this work, this has 
not been found. The substances hydrolysed and the products obtained, with approximate 
yields, are set out in the Table. 

Reagent and 
Substance conditions Products 
4:6-Ethylidene a-methylglucoside 0-5% of Na in boiling 4:6-Ethylidene a-methylglucoside 
2 : 3-dinitrate MeOH, | day (55%), its 3-nitrate (44%) 
4: 6-Propylidene a-methylglucoside re os 4: 6-Propylidene a-methylglucoside 
2 : 3-dinitrate (32%) ; 4: Aw kanes 2: 3- 
anhydro-a-methylalloside (13%) 
4: 6-Propylidene a-methylglucoside 0-6% of Na in boiling 4:6-Propylidene a-methylglucoside 
3-nitrate MeOH, 40 hrs. (52%); 4:6-propylidene 2: 3- 
anhydro-a-methylalloside (19%) 
4: 6-Propylidene 2-tosyl a-methyl- 0-5% of Na in boiling 4: 6-Propylidene 2 : 3-anhydro-a- 
glucoside 3-nitrate MeOH, | day methylalloside (78%); 4: 6-propyl- 
idene a-methylglucoside (18%) 
4:6-Ethylidene -methylglucoside 0-3% of Na in MeOH, Unchanged 
2 : 3-dinitrate 28 days room temp. 
0-15% of Na in boiling Unchanged (40%); 4: 6-ethylidene 
MeOH, 1 day 8-methylglucoside 3-nitrate (40%) 
0-8% of KOH in boiling 4: 6-Ethylidene £-methylglucoside 3- 
aq. ethanol, 1 day nitrate (77%); unchanged (16%) 
4: 6-Ethylidene §-methylglucoside a os Unchanged (80%); 4: 6-ethylidene 
3-nitrate 2 : 3-anhydro-8-methylalloside (7%) 


Although the evidence obtained does not suffice to explain the course of hydrolysis of 
sugar nitrates, certain features are apparent. In all cases, hydrolysis of a 2 : 3-dinitrate 
or a 3-nitrate of the 4: 6-acetals of «-methyl-p-glucoside gives chiefly the glucoside, with 
minor amounts in some cases of a 2 : 3-anhydro-a-methyl-D-alloside. It is not possible for 
the glucoside to be a secondary product resulting from the production and subsequent 
opening of an ethylene oxide ring, because sodium methoxide was used and a methyl] group 
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would necessarily have been introduced at position 2 or 3. Thus, the only mode detected 
for the removal of the nitrate group from C;) is by nitryl—-oxy-fission, which is also the chief 
course in the removal from Cy. The small quantities of anhydrohexoside derivatives 
resulted from hydrolysis of 3-nitrates and it is assumed that they are anhydro-p-allosides 
formed by alkyl—oxy-fission of a small proportion. The case of 2-tosyl 4: 6-propylidene 
a-methyl-p-glucoside 3-nitrate is noteworthy, for here the chief product is the 2 : 3-anhydro- 
a-methyl-p-alloside. The tosyloxy-group on Ci) is apparently hydrolysed quantitatively 
by sulphonyl—oxy-fission, just as for the 2 : 3-ditoluene-p-sulphonates already mentioned. 
The effect of the tosyl group on Ci) has been to reverse the reaction of the nitrate on Ci) : 
alkyl—oxy-fission predominates, although some rupture of the nitryl-oxy-bond occurs. 

4: 6-Ethylidene $-methyl-p-glucoside 2 : 3-dinitrate is more stable to alkali, and the 
only product detected is the 3-nitrate, t.e., the nitryl-oxy-bond is broken when the nitrate 
on Cy) isremoved. The 3-nitrate is also extremely stable. The small amount of hydrolysis 
which took place led to 4 : 6-ethylidene 2 : 3-anhydro-8-methy]-p-alloside, 7.e., the nitrate 
group on Cg) is removed only by alkyl—oxy-fission. 

The mode of hydrolysis of these 2: 3-dinitrates apparently is intermediate between 
those of sulphonates and carboxylates. In a preliminary account of this work (Ansell, 
Honeyman, and Williams, Chem. and Ind., 1952, 149) a possible explanation for this was 
suggested. That interpretation, however, is tentative only, and further work is in progress 
to clarify, among other influences, the effect on the course of alkaline hydrolysis of groups 
at positions 1, 4, and 6. 


EXPERIMENTAL 


Unless otherwise stated, the light petroleum used had b. p. 60—80°; solutions in ether, 
chloroform, or benzene were dried over sodium sulphate, and solvents were evaporated at 
reduced pressure. 

Dinitrogen Pentoxide.—The method used was a simplified version of that of Gold, Hughes, 
Ingold, and Williams (J., 1950, 2452). The product is less pure than that of these workers, but 
the presence of dinitrogen tetroxide does not interfere with the preparation of sugar nitrates. 
The dinitrogen pentoxide was dissolved in dried, redistilled chloroform, and sodium fluoride 
(2% w/w) was added to remove nitric acid (cf. Caesar and Goldfrank, J. Amer. Chem. Soc., 
1946, 68, 372). 

4: 6-Ethylidene 2: 3-Oxydiethylene a-Methyl-p-glucoside.—Appel and Haworth’s method 
(J., 1938, 793) gave a product of m. p. 182—183°, [«}j? +-82-0° (c, 0-22 in chloroform). Appel 
and Haworth record m. p. 183—183-5°, [«)}? + 83-5° (in chloroform). 

Dewar and Fort’s method (/oc. cit., p. 492) for preparing 4 : 6-ethylidene 8-methyl-p-glucoside 
vielded 4: 6-ethylidene 2: 3-oxydiethylidene a-methyl-p-glucoside (3-5 g., 49%), m. p. and 
mixed m. p. 183°, [a]? +83° (c, 0-2 in chloroform). 

Acetaldehyde (50 ml.), «-methyl-p-glucoside (5 g.), and anhydrous zinc chloride (5 g.) were 
shaken for 24 hours at room temperature and then poured into ice-water. The white crystalline 
precipitate of 4: 6-ethylidene 2: 3-oxydiethylidene «-methyl-p-glucoside (3-5 g., 50%) had 
m. p. 183° (from alcohol). 

Attempted Nitration of 4: 6-Ethylidene 2: 3-Oxydiethylidene «-Methyl-p-glucoside.—The com- 
pound (2 g.) was dissolved in dry chloroform (25 ml.) and dinitrogen pentoxide (2-9 g.) in dry 
chloroform (18 ml.) was added. After 5 minutes at 0° the solution was poured into ice-water 
containing a small amount of sodium hydrogen carbonate. The chloroform layer was separated, 
washed, dried, and evaporated, giving, after recrystallisation, 4: 6-ethylidene 2: 3-oxydi- 
ethylidene «-methyl-p-glucoside. 

Attempted Preparation of 4: 6-Ethylidene «-Methyl-p-glucoside from 4: 6-Ethylidene 2: 3- 
Oxydiethylidene 2-Methyl-p-glucoside.—(a) (cf. Haworth and Appel, Joc. cit.). 2: 3-Oxydi- 
ethylidene 4 : 6-ethylidene «-methyl-p-glucoside (2 g.) gave unchanged starting material (1 g.), 
m. p. 182—183°, «-methyl-p-glucoside (0-4 g.), m. p. and mixed m. p. 162—163°, and 4: 6- 
ethylidene «-methyl-p-glucoside (0-2 g.), m. p. 76—77°. 

(6) After a solution of 4 : 6-ethylidene 2 : 3-oxydiethylidene «-methyl-p-glucoside (1-5 g.) in 
acetone (100 ml.) containing water (1 ml.) and concentrated hydrochloric acid (0-4 ml.) had been 
kept for 15 minutes the rotation was constant and the solution was neutralised with silver 
carbonate. After concentration the first crystals which separated were starting material 
(0-5 g.), m. p. and mixed m. p. 182—183°. Further concentration led to the deposition of large 
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needles (0-5 g.), m. p. 160—161°, which after recrystallisation from alcohol had m. p. 163—164°, 
undepressed after admixture with a-methyl-p-glucoside. 

Indirect Preparation of 4 : 6-Ethylidene «-Methyl-p-glucoside.—A solution of 4 : 6-benzylidene 
a-methyl-p-glucoside (5g.; Hibbert, Canad. J. Res., 1942, 20, B, 175) in acetic anhydride (15 ml.) 
containing sodium acetate (1-5 g.) was heated at 100° for 1 hour and then poured into ice-water. 
The product, recrystallised from alcohol, gave 4: 6-benzylidene a-methylglucoside 2: 3-di- 
acetate (5 g., 75%) as needles, m. p. 108°, [a]? +75-5° (c, 1-9 in chloroform). Freudenberg, 
Toepffer, and Anderson (Ber., 1928, 61, 1758), who prepared this compound by a different 
method, record m. p. 108°, [«]#? +-76° (c, 2-0 in chloroform). 

A solution of the 2 : 3-diacetate (10 g.) in acetone (95 ml.) and water (5 ml.) was hydrolysed 
with 0-025n-hydrochloric acid. After 6 days at room temperature the optical rotation became 
constant. The solution was neutralised with solid potassium carbonate and concentrated, 
and the residue washed with sodium hydrogen sulphite solution. The aqueous filtrate was 
extracted with chloroform, and the chloroform solution dried and concentrated. The residual 
syrup was shaken with paraldehyde (50 ml.) and concentrated sulphuric acid (0-06 ml.) for 
48 hours. Evaporation of excess of paraldehyde left a syrup which has not crystallised after 
prolonged storage in a vacuum-desiccator. 

A cold solution of freshly distilled benzoyl chloride (15 ml.) in pyridine (30 ml.) was added to 
a cooled solution of 4 : 6-benzylidene a-methyl-p-glucoside (16 g.) in pyridine (30 ml.). After 
24 hours at room temperature the reaction mixture was diluted with chloroform and extracted 
successively with water, dilute sulphuric acid, sodium hydrogen carbonate solution, and water. 
The chloroform solution was dried and concentrated to a syrup which crystallised on addition of 
ethanol. Recrystallisation from alcohol gave 4: 6-benzylidene «-methyl-p-glucoside 2 : 3-di- 
benzoate (16 g., 57%), needles, m. p. 149—150°, [«]#? +98° (c, 1-1 in chloroform). Ohle and 
Spencker (Ber., 1928. 61, 2392) give m. p. 148°, [«]?? +.96-9° (in chloroform). 

A solution of the 2 : 3-dibenzoate (16 g.) in acetone (300 ml.) containing concentrated hydro- 
chloric acid (0-6 ml.) was boiled under reflux for 64 hours. Barium carbonate (1 g.) was added 
and the solution left overnight. After steam-distillation the solution was extracted with 
chloroform, and the extracts were dried and concentrated, to give crude «-methyl-p-glucoside 
2: 3-dibenzoate (12 g., 92%) as a glass. A solution of this (10 g.) in paraldehyde 
(80 ml.) containing concentrated sulphuric acid (0-1 ml.) was shaken for 48 hours. After 
neutralisation with sodium hydrogen carbonate the filtered solution was evaporated and 4: 6- 
ethylidene «-methyl-p-glucoside 2 : 3-dibenzoate (6 g., 56%) was obtained as a syrup. This, 
dissolved in methanol (50 ml.), containing sodium (0-01 g.), was kept for 24 hours at room 
temperature. Evaporation left a syrup which crystallised on addition of ether. Recrystallis- 
ation from ether-light petroleum gave 4 : 6-ethylidene «-methyl-p-glucoside (2 g., 65°), m. p. 
76—77°, [x]}? +109-1° (c, 0-48 in water). 

Direct Preparation of 4: 6-Ethylidene a-Methyl-p-glucoside.—a-Methylglucoside (8 g.) was 
stirred at room temperature with paraldehyde (18 ml.) and concentrated hydrochloric acid 
(1-6 ml.) for 2hours. Water (100 ml.) was then added and the solid which separated was filtered 
off. The filtrate was neutralised with sodium hydrogen carbonate and evaporated. After 
extraction of the residue with hot carbon tetrachloride, «-methylglucoside (5 g., 63%) was 
isolated from the residue. The carbon tetrachloride extracts were dried (K,CO,) and 
evaporated. Recrystallisation of the solid residue from ether-light petroleum gave 4: 6- 
ethylidene a-methyl-p-glucoside (1-5 g., 17%), m. p. 75-5—76-5°. 

2: 3-Oxydipropylidene 4: 6-Propylidene a-Methyl-p-glucoside.—a-Methylglucoside (11 g.), 
propaldehyde (40 ml.), and concentrated sulphuric acid (0-1 ml.) were shaken for 3 days at room 
temperature and the solid which separated (7 g., 37%) was filtered off and recrystallised twice 
from ethanol, giving 2 : 3-oxydipropylidene 4 : 6-propylidene «-methyl-p-glucoside, m. p. 140-5— 
141°, (a) +75-8° (c, 0-58 in chloroform) (Found: C, 57-7; H, 8-6. Calc. for C,,H,,O,: C, 
57-8; H, 84%). Mellies, Mehltretter, and Rist (loc. cit.) record m. p. 142-5—143-5°, [a]? 
+73-2° (c, 2:5 in chloroform). 

By the method of Mellies et al., the same compound, m. p. 140—141°, was obtained. 

4: 6-Propylidene «-Methyl-p-glucoside.—Propaldehyde (20 ml.), «-methylglucoside (16 g.), 
and concentrated hydrochloric acid (2 ml.) were stirred at room temperature until all the solid 
had dissolved (40 minutes) and stirring continued for another 30 minutes. Water was added 
and the precipitate of crude 2 : 3-oxydipropylidene 4 : 6-propylidene «-methyl-p-glucoside (3 g., 
11%) was collected. The solution was neutralised with aqueous sodium hydrogen carbonate 
and evaporated. Extraction of the residue with benzene left «-methylglucoside (approx. 8 g.). 
The benzene solution was dried and concentrated to a syrup, which crystallised on addition of 
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ether. Recrystallisation from light petroleum—benzene gave 4: 6-propylidene «-methyl-p- 
glucoside (7 g., 38%), m. p. 102°, [a«]}? +122° (c, 0-6 in chloroform). Mellies et al. (loc. cit.) 
record m. p. 102—103°, [«]# + 122-1° (c, 1-8 in chloroform). 

4: 6-Ethylidene a-Methyl-p-glucoside 2 : 3-Ditoluene-p-sulphonate.—(a) A solution of 4: 6- 
benzylidene a-methyl-p-glucoside (12 g.) in pyridine (20 ml.) was mixed with a solution of 
toluene-p-sulphony] chloride (30 g.) in pyridine (60 ml.), while the temperature was kept below 
10°. After 6 days at room temperature the reaction mixture was poured into water, the product 
crystallising. Recrystallisation from alcohol gave 4: 6-benzylidene 2: 3-ditosyl «-methyl-p- 
glucoside (25 g., 99%), needles, m. p. 152—154°, [a]? + 15-2° (c, 1-4 in chloroform). 

A solution of this (4 g.) in acetone (45 ml.) and water (5 ml.) containing hydrochloric acid 
(0-05N) was left for 8 days at room temperature (optical rotation then constant). After the 
solution had been neutralised with solid potassium carbonate, acetone was evaporated and 
the residue extracted with chloroform. After being shaken with sodium hydrogen sulphite 
solution the extract was dried and evaporated. The residual glass was shaken for 48 hours 
with paraldehyde (20 ml.), containing concentrated sulphuric acid (0-04 ml.). After 
neutralisation of the clear solution and evaporation, a syrup was obtained which later 
crystallised. Recrystallisation from ethanol yielded plates of 4: 6-ethylidene «-methyl-p- 
glucoside 2: 3-ditoluene-p-sulphonate (2-4 g., 77%), m. p. 154—155°, [a]? +57-2° (c, 0-6 in 
chloroform) (Found: C, 52-3; H, 5:4; S, 12-2. C,,H,.0,9S, requires C, 52-2; H, 5-3; S, 
12-1%). 

(b) 4: 6-Ethylidene «-methyl-p-glucoside (2 g.) in pyridine (10 ml.) was cautiously mixed 
with toluene-p-sulphonyl chloride (10 g.) in pyridine (50 ml.). After 4 days at room temperature 
the solution was poured into ice-water and the precipitate was recrystallised from ethanol and 
identified as the foregoing 2 : 3-ditoluene-p-sulphonate by its m. p. 153—154°, undepressed on 
admixture. 

Alkaline Hydrolysis of 4: 6-Ethylidene a-Methyl-p-glucoside 2 : 3-Ditoluene-p-sulphonate.— 
(a) A chloroform solution (10 ml.) of this ester (0-9 g.) was mixed with sodium (0-15 g.) in 
methanol (4:2 ml.) and kept for 3 days at room temperature. The solution was filtered and 
concentrated, and the solid residue (0-4 g.), crystallised from ether, was unchanged starting 
substance, m. p. 155°, unchanged on admixture with the authentic compound. No other 
product was isolated. 

(b) A solution of the ester (8 g.) in methanol (200 ml.) containing sodium (1 g.) was boiled 
under reflux until the solid had dissolved (18 hours). Next morning the solution was filtered 
and diluted with water (250 ml.). It was then extracted with chloroform and the chloroform 
solution evaporated, leaving a white crystalline solid. This was purified by chromatography in 
ether on alumina, elution with ether, and recrystallisation of the main fraction from ether-light 
petroleum, to give 4 : 6-ethylidene 2 : 3-anhydro-«-methyl-p-alloside as long needles (3 g., 90%), 
[a]?? +114° (c, 1:3 in chloroform), m. p. 125—126°, mixed m. p. with an authentic specimen 
126—127°). Peat and Wiggins (J., 1938, 1088) record m. p. 128°, [a]? + 100° (in chloroform). 

4: 6-Propylidene «-Methyl-p-glucoside 2: 3-Ditoluene-p-sulphonate——A solution of 4: 6- 
propylidene «-methyl-p-glucoside (2 g.) in dry pyridine (15 ml.) was treated with a cold solution 
of toluene-p-sulphony] chloride (5 g.) in pyridine (10 ml.), and the mixture left for 4 days at room 
temperature. When the reaction mixture was poured into ice-water (100 ml.) the product 
crystallised. Recrystallisation from ethanol yielded 4: 6-propylidene «a-methyl-p-glucoside 
2 : 3-ditoluene-p-sulphonate (4 g., 86%), needles, m. p. 127-5—128°, [a]?? +46-1° (c, 4:1 in 
chloroform) (Found: C, 53-3; H, 5-6. C,.4H3 9049S, requires C, 52-9; H, 55%). 

Alkaline hydrolysis. A solution of the foregoing ester (5 g.) and sodium (0-6 g.) in methanol 
(50 ml.) was boiled under reflux for 24 hours, cooled, neutralised with acetic acid (0-2 ml.), and 
then concentrated. The residue was extracted with carbon tetrachloride, and the solution 
concentrated to a solid. Recrystallisation from ether-—light petroleum gave long needles (2 g., 
92%), m. p. 125—128°, and a further recrystallisation from light petroleum (b. p. 80—100°)-— 
ethanol gave pure 4: 6-propylidene 2: 3-anhydro-a-methyl-v-alloside, m. p. 131—132°, [a]? 
+ 120-9° (c, 0-8 in chloroform) (Found : C, 55-9; H, 7:7. C4 9H,,O,; requires C, 55-6; H, 7-4%). 

4: 6-Ethylidene a-Methyl-p-glucoside 2 : 3-Dinitrate—Five minutes after a solution of 4: 6- 
ethylidene «-methyl-p-glucoside (2-7 g., 1 mol.) in chloroform (50 ml.) was mixed with a solution 
of dinitrogen pentoxide (4:8 g., 3-5 mols.) in chloroform (50 ml.) at 0°, it was poured 
into ice-water. The product was extracted with chloroform and the extracts were washed with 
ice-water and then with cold saturated sodium hydrogen carbonate solution. After drying, the 
solvent was evaporated. Recrystallisation of the residue from light petroleum gave 4: 6- 
ethylidene a-methyl-D-glucoside 2 : 3-dinitrate (2-2 g., 58%), stout needles, m. p. 96—97°, [a]? 
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+ 139+5° (c, 2-96 in chloroform) (Found: C, 35-4; H, 4:9; N, 87. C,H,,O,)N, requires C, 
34-9; H, 4-5; N, 90%). 

Alkaline hydrolysis. A solution of 4: 6-ethylidene «-methyl-p-glucoside 2: 3-dinitrate 
(1-4 g.) in methanol (40 ml.) was boiled under reflux with sodium (0-2 g.) for 25 hours. The 
cooled solution was neutralised with glacial acetic acid (0-1 ml.), light petroleum (60 ml.) was 
added, and the solvents were evaporated. The residue was extracted, first with ether, then 
with chloroform, and the two extracts separately chromatographed on alumina. Fractions 
(50 ml.) were collected, with ether-chloroform (4 vol.: 1 vol.) as eluant in each case. After 
examination the appropriate fractions were combined. The first fractions gave a solid (0-52 g., 
44%,), which crystallised from light petroleum (b. p. 40—60°)-ether as long needles of 4: 6- 
ethylidene a-methyl-p-glucoside 3-nitrate, m. p. 172—173°, [a]? +150-3° (c, 0-45 in chloroform) 
(Found: C, 41-1; H, 5:7. C,H,,0O,N requires C, 40-8; H, 5-7%). Later fractions gave a 
solid (0-53 g., 55%), which crystallised from ether—light petroleum as needles, being 4: 6- 
ethylidene «-methyl-p-glucoside, m. p. 76°, unchanged when mixed with authentic substance. 

Characterisation of 4: 6-Ethylidene a-Methyl-p-glucoside 3-Nitrate.—Methylation of 4: 6- 
ethylidene «-methyl-p-glucoside 3-nitrate (0-35 g.) with methyl iodide (4 ml.) and silver oxide 
(0-3 g.) gave a crystalline product (0-24 g., 64%) which, recrystallised from light petroleum, 
yielded 4 : 6-ethylidene 2-methyl a-methyl-p-glucoside 3-nitrate, stout needles, m. p. 82-5—83-5°, 
[a] +111-4° (c, 0-3 in chloroform) (Found: 43-3; H, 6-4. Cj, 9H,,O,N requires C, 43-0; H, 
61%). 

A solution containing 4 : 6-ethylidene 2-methyl a-methyl-p-glucoside 3-nitrate (0-22 g.) and 
sodium sulphide (0-4 g.) in alcohol (25 ml.) was left for 1 day at room temperature. The solution 
was filtered, diluted with water, and concentrated. The residue was extracted with chloroform, 
and the dried chloroform solution evaporated to a solid which crystallised from dry ether as 
long needles. It was 4: 6-ethylidene 2-methyl a-methyl-p-glucoside (0-1 g., 54%), m. p. 125— 
126°, [a]? +95-1° (c, 1-03 in chloroform). 

A solution of 4: 6-ethylidene 2-methyl «-methyl-p-glucoside (0-08 g.) in acetone (10 ml.), 
containing hydrochloric acid (0-05 ml.), was boiled under reflux for 18 hours. The cooled 
solution was neutralised with barium carbonate, and filtered. Evaporation of the filtrate left a 
syrup which crystallised from ethyl acetate as short needles, being 2-methyl «-methyl-p- 
glucoside (0-04 g., 56%), m. p. 145—146°. Haworth, Hirst, and Teece record m. p. 145—147° 
(J., 1931, 2858) : the m. p. of a sample of their material was not depressed by that made during 
this work. 

4: 6-Propylidene a-Methyl-p-glucoside 2 : 3-Dinitrate and 3-Nitrate.—(a) Dinitogen pentoxide 
(7 g., 4 mols.) in chloroform (100 ml.) was mixed with a solution of 4 : 6-propylidene a-methyl-p- 
glucoside (4 g., 1 mol.) in chloroform (100 ml.), and left at 0° for 5 minutes. The solution was 
poured into ice-water, and the chloroform layer washed successively with ice-water, cold 
saturated sodium hydrogen carbonate solution, and water. The dried solution was concentrated 
to a syrup which partly crystallised. The crystalline portion was dissolved in the minimum 
quantity of methanol-light petroleum from which there separated slowly 4: 6-propylidene 
a-methyl-p-glucoside 3-nitrate (0-3 g., 7%), needles, m. p. 156—157°, [a]}? +154-2° (c, 0-72 in 
chloroform) (Found : C, 43-4; H, 5-9; N, 5-0. C, 9H,,O,N requires C, 43-1; H, 6-1; N, 5-0%). 

(b) The reaction was repeated with 4: 6-propylidene a-methyl-p-glucoside (8 g., 1 mol.) and 
dinitrogen pentoxide (17 g., 5 mols.) in chloroform (280 ml.), and a reaction time of 15 minutes 
at 0°. The product, separated as in (a), was a syrup which did not crystallise. 

The combined non-crystalline products from the two reactions were chromatographed in 
anhydrous ether on alumina. Elution was by anhydrous ether, ether—chloroform, and chloro- 
form, successively. Fractions of 120 ml. were collected, the first of which contained a syrup 
(9-6 g.) which crystallised as large prisms. Recrystallisation from light petroleum gave 4: 6- 
propylidene a-methyl-p-glucoside 2: 3-dinitrate (9-3 g., 56%), m. p. 55°5—56°, [a]}® +142-4° 
(c, 1-4 in chloroform) (Found : C, 37-3; H, 5-1; N, 8-5. CyoH gO, N, requires C, 37-1; H, 4-9; 
N, 8-6%). Later fractions, which crystallised at once, were combined and recrystallised from 
alcohol-light petroleum (b. p. 80—100°), to give 4 : 6-propylidene a-methyl-p-glucoside 3-nitrate 
(1-7 g., 12%) as long needles, m. p. 157—158°. 

Conversion of 4: 6-Propylidene a-Methyl-p-glucoside 2: 3-Dinitrate into the 3-Nitrate.—A 
solution of 4: 6-propylidene a-methyl-p-glucoside 2: 3-dinitrate (2-2 g.) and sodium iodide 
(4-5 g.) in acetone (20 ml.) was heated for 16 hours at 100°. Evaporation led to 4 : 6-propylidene 
a-methyl-p-glucoside 3-nitrate (1-61 g., 87%) as long needles, m. p. 157°. 

Characterisation of 4:6-Propylidene «-Methyl-p-glucoside 3-Nitrate.—4 : 6-Propylidene 
a-methyl-p-glucoside 3-nitrate (0-5 g.) with methyl iodide (10 ml.) and silver oxide (0-8 g.) at 45° 

8Q 
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gave a product (0-45 g., 88%) which was recrystallised from light petroleum (b. p. 40— 
60°), giving 2-methyl 4 : 6-propylidene a-methyl-D-glucoside 3-nitrate as needles, m. p. 53-5—54°, 
[a]? + 138-2° (c, 0-7 in chloroform) (Found: C, 45-5; H, 6-4. C,,H,,O,N requires C, 45-1; H, 
65%). 

: solution of this (0-4 g.) in alcohol (30 ml.) was treated with sodium sulphide (0-6 g.) at room 
temperature for 24 hours. The solution was then filtered, and water (5 ml.) added to the 
filtrate which was then distilled. The residue was extracted with chloroform, the extracts were 
dried and evaporated, and the crystals (0-26 g., 78%) which separated were found, after 
recrystallisation from ether-light petroleum, to be 2-methyl 4 : 6-propylidene a-methyl-D-glucoside, 
m. p. 114—115°, [a]? +113-8° (c, 0-8 in chloroform) (Found: C, 53-4; H, 7-9. C,,H,,O, 
requires C, 53-2; H, 8:1%). 

After a solution of this (0-16 g.) in acetone (30 ml.), containing concentrated hydrochloric 
acid (0-1 ml.), had been kept at room temperature for 28 days, excess of solid potassium carbonate 
was added. Filtration, and evaporation of the filtrate, afforded crystals (0-05 g., 35%), which 
after recrystallisation from ethyl acetate were found to be 2-methyl «-methyl-p-glucoside, 
m. p. 144—146°, mixed m. p. with an authentic specimen 143—145°. 

Alkaline Hydrolysis of 4: 6-Propylidene a-Methyl-p-glucoside 2 : 3-Dinitrate —The dinitrate 
(3-8 g.) in methanol (100 ml.), containing sodium (0-5 g.), was heated under reflux for 24 hours. 
The cooled solution was filtered and the filtrate was concentrated. The solvent-free residue 
was chromatographed in ether on alumina. Successive elution with ether, ether—-chloroform, 
and chloroform-ethanol gave, from early fractions, 4 : 6-propylidene 2 : 3-anhydro-a-methyl-p- 
alloside (0-32 g., 138%), m. p. and mixed m. p. 132—133°. The later fractions gave 4: 6- 
propylidene «-methyl-p-glucoside (0-72 g., 32%), m. p. alone or mixed with an authentic 
specimen, 101—102°, [a] + 124-6° (c, 0-8 in chloroform). 

Alkaline Hydrolysis of 4: 6-Propylidene a-Methyl-p-glucoside 3-Nitrate-—A solution of the 
3-nitrate (1 g.) in methanol (40 ml.) containing sodium (0-25 g.) was boiled under reflux for 
40 hours. The solution was cooled, neutralised with acetic acid (0-1 ml.), and concentrated. 
Water (30 ml.) was added and the solution extracted with chloroform. Evaporation of the dried 
extract gave a residue which was chromatographed in anhydrous ether on alumina, elution 
being by anhydrous ether. The first fractions (80 ml.) gave 4: 6-propylidene 2 : 3-anhydro- 
a-methyl-p-alloside (0-15 g., 19%), needles, m. p. 128—130° (unchanged when mixed with the 
product prepared from 4: 6-propylidene 2: 3-ditosyl a-methyl-p-glucoside). The remaining 
fractions (300 ml.) gave 4 : 6-propylidene «-methyl-p-glucoside (0-43 g., 52%), m. p. and mixed 
m. p. 102°. 

4: 6-Propylidene a-Methyl-p-glucoside 3-Nitrate 2-Toluene-p-sulphonate.—A solution of 
4 : 6-propylidene a-methyl-p-glucoside 3-nitrate (1-25 g.) in pyridine (20 ml.) was mixed with a 
cold solution of toluene-p-sulphonyl] chloride (2-5 g.) in pyridine (15 ml.). After 6 days at room 
temperature the mixture was poured into ice-water and the product extracted with chloroform. 
The extracts were dried and concentrated, and the residue was recrystallised from ethanol-light 
petroleum, to give 4: 6-propylidene 2-tosyl a-methyl-p-glucoside 3-nitrate (1 g., 53%), needles, 
m. p. 98—99°, [«]?? +104-4° (c, 0-6 in chloroform) (Found: C, 47-6; H, 56; N, 3-1. 
C,,H,,;0,)NS requires C, 47-6; H, 5:3; N, 3-2%). 

Alkaline hydrolysis. A solution of the foregoing ester (0-82 g.) and sodium (0-1 g.) in 
methanol (50 ml.) was boiled under reflux for 24 hours. The solution was concentrated and 
excess of water (30 ml.) was added. The whole was then extracted with chloroform (total 
volume, 500 ml.). Evaporation of the dried extracts left a residue which was chromatographed 
in ether on alumina. On elution with ether-chloroform the first fractions (200 ml.) contained 
4 : 6-propylidene 2 : 3-anhydro-a-methyl-p-alloside (0-32 g., 78%), m. p. and mixed m. p. 129— 
130°, («]}? +113° (c, 0-2 in chloroform). The last fractions (150 ml.) gave 4: 6-propylidene 
a-methyl-p-glucoside (0-08 g., 18%), needles, m. p. and mixed m. p. 101—102°. 

Reduction of 4: 6-Propylidene a-Methyl-p-glucoside 2 : 3-Dinitrate with Lithium Aluminium 
Hydride.—After boiling under reflux for 36 hours, a solution of 4: 6-propylidene «-methyl-p- 
glucoside 2: 3-dinitrate (2-5 g.) and lithium aluminium hydride (0-5 g.) in anhydrous ether 
(50 ml.) was treated with water (50 ml.), then neutralised with dilute sulphuric acid. After 
filtration, the ethereal layer was dried (Na,SO,) and evaporated. Recrystallisation of the 
residue from light petroleum gave 4 : 6-propylidene «-methyl-p-glucoside 3-nitrate (0-4 g., 19%), 
m. p. 157°. The syrup obtained by evaporation of the mother-liquor crystallised from light 
petroleum (b. p. 40—60°), giving 4 : 6-propylidene «-methyl-p-glucoside 2 : 3-dinitrate (0-8 g., 
31%) as needles, m. p. 56°. Extraction of the aqueous layer with ether gave 4 : 6-propylidene 
a-methyl-p-glucoside (0-8 g., 45%), m. p. and mixed m. p. 101°. 
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6-Methylglucoside.—A solution of acetobromoglucose (130 g.; prepared by Barczai-Martos 
and Korosy’s method, Nature, 1950, 165, 369) in methanol (250 ml.) was boiled under reflux 
with silver carbonate (40 g.) for an hour. After filtration of the hot solution, sodium (0-02 g.) 
was added and the whole left overnight at room temperature. Concentration, followed by 
seeding, gave $-methyl-p-glucoside (44 g., 74%), m. p. 107—108° (from alcohol). 

2: 3-Oxydipropylidene 4:6-Propylidene §-Methyl-p-glucoside.—Propaldehyde (24 ml.), 
$-methyl-p-glucoside (10 g.), and concentrated hydrochloric acid (1 ml.) were kept at room 
temperature for 7 hours. After dilution with chloroform and filtration from methylglucoside 
(5 g.) the solution was neutralised with potassium carbonate, filtered again, and concentrated. 
The crystals (2 g.) which separated recrystallised from alcohol, giving 2 : 3-oxydipropylidene 
4: 6-propylidene 8-methyl-p-glucoside as needles, m. p. 117—118°, [a]}§ —61-7° (c, 0-74 in 
chloroform) (Found: C, 57-9; H, 8-4. C,,H,,O, requires C, 57-8; H, 84%). 

4: 6-Butylidene 2: 3-Oxydibutylidene §-Methyl-p-glucoside.—After (§-methyl-p-glucoside 
(15 g.), n-butaldehyde (60 ml.), and concentrated sulphuric acid (0-15 ml.) had been shaken for 
48 hours at room temperature, the solid (12 g., 43%) was collected and recrystallised from 
absolute alcohol, to give 4: 6-butylidene 2: 3-oxydibutylidene 8-methyl-p-glucoside, m. p. 84— 
85°, [a]? —52-5° (c, 0-47 in chloroform) (Found: C, 61-3; H, 9-2. C,,H,,0O, requires C, 61-0; 
H, 9-1%). 

Attempted acetylation of this compound with acetic anhydride and sodium acetate gave 
unchanged material, confirming the absence of free hydroxy] groups. 

Acetylation of 4: 6-Ethylidene 8-Methyl-p-glucoside.—Acetic anhydride (16 ml.), 4: 6- 
ethylidene 8-methyl-p-glucoside (6 g.) and fused sodium acetate (2 g.) were heated for 1 hour at 
100°. The crystalline product obtained on pouring the solution into water was recrystallised 
from alcohol, to give 4: 6-ethylidene $-methyl-p-glucoside 2 : 3-diacetate (6-5 g., 94%), m. p. 
179—180°, [a]? —51-5° (c, 0-14 in chloroform) (Found: C, 51-7; H, 6-6. Calc. for C,,H,,O, : 
C, 51-3; H, 66%). Helferich and Appel (Ber., 1931, 64, 1845) give m. p. 180-5—182°, [a]? 
—65-9° (in chloroform). 

Deacetylation of 4: 6-Ethylidene 8-Methyl-p-glucoside 2 : 3-Diacetate.—After a solution of 
sodium (0-01 g.) and 4: 6-ethylidene 6-methyl-p-glucoside 2 : 3-diacetate (0-5 g.) in methanol 
(20 ml.) had been kept for 2 hours at room temperature the solvent was evaporated, leaving 
4: 6-ethylidene 8-methyl-p-glucoside (100%), m. p. and mixed m. p. 183—184°. 

4: 6-Ethylidene §-Methyl-p-glucoside 2: 3-Ditoluene-p-sulphonate.—A solution of 4: 6- 
ethylidene $-methyl-p-glucoside (6 g.) in pyridine (20 ml.) ~ 1s mixed with a cold solution of 
toluene-p-sulphony! chloride (15-6 g., 3 mols.) in pyrid’»: (30 ml.). After 4 days at room 
temperature the mixture was poured into ice-water (400 ml.). Recrystallisation of the 
precipitate from methanol gave 4: 6-ethylidene B-methyl-p-glucoside 2 : 3-ditoluene-p-sulphonate 
(8-4 g., 58%), needles, m. p. 162—162-5°, [a]? —33-6° (c, 0-64 in chloroform) (Found: C, 52-4; 
H, 5-2; S, 12-4. C,3H,,.019S, requires C, 52-3; H, 5:3; S, 12-1%). 

Alkaline hydrolysis. (a) An ice-cold solution of sodium (1-8 g.) in methanol (28 ml.) was 
added to the ditoluene-p-sulphonate (9 g.) in chloroform (75 ml.). After 3 days at 0° and 1 day 
at room temperature the solution was diluted with water and the chloroform layer washed with 
water. After being dried (CaCl,) the chloroform was evaporated, leaving unchanged compound 
(6 g., 67%), m. p. 161—162°. The aqueous mother-liquor and washings, which were optically 
inactive, were not examined. 

(b) A solution of the ester (24 g., 1 mol.) in methanol (140 ml.) was boiled under reflux with 
sodium (2 g., 2 mols.) for 17 hours. The solution was cooled and filtered, and the filtrate was 
diluted with water (100 ml.) and then extracted with chloroform (total volume 3 1.). The 
residue obtained by evaporation of the dried extract was chromatographed in anhydrous ether 
‘on alumina and eluted with light petroleum (b. p. 40—60°) and then with ethanol. The early 
fractions contained a trace (0-03 g.) of an unidentified syrup. There followed crystals (3-56 g., 
39%), m. p. 77—78°, which, after recrystallisation from light petroleum, were identified as 
4: 6-ethylidene 2 : 3-anhydro-8-methyl-p-alloside, m. p. 79°, [a]j —43-6° (c, 0-8 in chloroform) 
(Found: C, 53-7; H, 7-2. C,H,,0O, requires C, 53-5; H, 69%). The next fractions gave 
needles (0-59 g.), m. p. 131°, [a]}§ —50-0° (c, 0-25 in chloroform) (Found: C, 55-0; H, 7-3%). 
This unidentified substance sublimed at 80° under reduced pressure. The final fractions gave 
starting compound (4-5 g., 19%), m. p. and mixed m. p. 160—161°. 

Preparation of 4: 6-Ethylidene 8-Methyl-p-glucoside 3-Nitrate.—A solution of 4 : 6-ethylidene 
methyl-8-p-glucoside 2 : 3-dinitrate (3-5 g.) in acetone (28 ml.) was heated with sodium iodide 
(7 g.) for 24 hours at 120°. The residue left after evaporation was extracted with chloroform 
and washed successively with sodium thiosulphate and sodium hydrogen carbonate solutions. 
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Evaporation of the dried solution left a syrup, which crystallised from alcohol-light petroleum, 
giving 4: 6-ethylidene 6-methyl-p-glucoside 3-nitrate as needles (2 g., 67%), m. p. 146—147°. 
Dewar and Fort record m. p. 147°. 

Alkaline Hydrolysis of 4: 6-Ethylidene 8-Methyl-p-glucoside 2 : 3-Dinitrate.—(a) A solution 
of this dinitrate in methanol containing sodium, kept for 28 days at room temperature, gave 
unchanged starting compound. ‘ 

(6) A solution of the dinitrate (2 g.) and sodium (0-01 g.) in methanol (50 ml.) was boiled 
under reflux for 6 hours. The reaction mixture was concentrated and the residue dissolved in 
light petroleum. Chromatography on silica gel and elution with light petroleum gave unchanged 
starting material (1-4 g., 70%), m. p. 88—89°. Further elution with acetone—alcohol gave a 
solid (0-4 g.), which on recrystallisation from light petroleum (b. p. 80—100°) yielded 4: 6- 
ethylidene $-methyl-p-glucoside 3-nitrate (0-1 g., 6%), m. p. and mixed m. p. 146°. More 
unchanged dinitrate (0-25 g., 139) was recovered from the mother-liquor. 

(c) When the dinitrate (1-5 g.) was boiled with sodium (0-15 g.) in methanol (100 ml.) for 
1 day the products obtained were starting compound (0-6 g., 40%) and 4 : 6-ethylidene $-methyl- 
p-glucoside 3-nitrate (0-5 g., 40%), m. p. and mixed m. p. 145°. 

(d) A solution of the dinitrate (2-5 g.) and potassium hydroxide (0-5 g.) in ethanol (45 ml.) 
and water (15 ml.) was boiled under reflux for 24 hours, then neutralised with acetic acid 
(0-5 ml.) and concentrated. The residue was dissolved in ether-light petroleum (b. p. 40—60°), 
and the solution dried and chromatographed on alumina, elution being by ether-—light petroleum 
(b. p. 40—60°). The first fractions gave unchanged dinitrate (0-4 g., 15%), m. p. 88—89°. 
The other fractions, together with the product obtained by finally washing the column with 
alcohol, gave 4: 6-ethylidene $-methyl-p-glucoside 3-nitrate (1-6 g., 77%), m. p. 145—146°, 
[a]? —31-7° (c, 0-4 in chloroform). 

Alkaline Hydrolysis of 4: 6-Ethylidene 8-Methyl-p-glucoside 3-Nitrate——Sodium (0-1 g.) in 
methanol (10 ml.) was added to 4: 6-ethylidene §$-methyl-p-glucoside 3-nitrate (1 g.) in 
chloroform (50 ml.). After 4 days at room temperature the filtered solution was concentrated 
and the residue purified by chromatography of its acetone solution on alumina, with acetone and 
then acetone—methanol as eluants. Only unchanged nitrate (0-8 g., 80%), m. p. 143—144°, 
{x}]i® —31° (c, 0-33 in chloroform), was obtained. 

A solution of the 3-nitrate (0-4 g.) and potassium hydroxide (0-2 g.) in aqueous alcohol 
(30 ml.) was boiled under reflux for 24 hours. The solution was concentrated, leaving a residue 
which was chromatographed on alumina, with ether as eluant. The first fractions (60 ml.) 
gave 4: 6-ethylidene 2: 3-anhydro-$-methyl-p-alloside (0-02 g., 7%), m. p. and mixed m. p. 
with that obtained from the ditoluene-p-sulphonate, 76—78°. Further elution with ether— 
acetone (200 ml.) gave unchanged nitrate (0-32 g., 80%), m. p. 147°. 

Reduction of 4: 6-Ethylidene 8-Methyl-p-glucoside 2: 3-Dinitrate with Lithium Aluminium 
Hydride.—A solution of the 2: 3-dinitrate (2 g.) in ether (50 ml.) was boiled under reflux for 
54 hours with lithium aluminium hydride (0-8 g.) in ether (50 ml.). Excess of water was added, 
followed by dilute sulphuric acid. The aqueous layer was extracted with ether and then dried, 
and the combined ethereal solutions were evaporated. The solid obtained (0-7 g.) was dissolved 
in ether—light petroleum and from this solution separated 4 : 6-ethylidene 8-methyl-p-glucoside 
3-nitrate (0-02 g.), m. p. 143—145°, [«]j} —34° (c, 0-2 in chloroform). The mother-liquor was 
chromatographed on alumina. Elution with anhydrous ether (200 ml.) gave unchanged di- 
nitrate (0-52 g., 26%), m. p. 88—89°. Elution with ether-chloroform (150 ml.) yielded more 
4: 6-ethylidene $-methyl-p-glucoside 3-nitrate (0-03 g.), m. p. 145°. Further elution with 
chloroform-ethanol (150 ml.) gave needles (0-06 g.), m. p. 180—182°. The aqueous mother- 
liquor from the neutralised mixture was concentrated somewhat and extracted exhaustively with 
chloroform and then with ether, to give needles (0-58 g.), m. p. 182—183°. The last two crops 
were combined and identified as 4 : 6-ethylidene 8-methyl-p-glucoside (0-64 g., 45%). 

Reaction of 4: 6-Ethylidene 8-Methyl-p-glucoside 2 : 3-Dinitrate with Sodium Iodide in Acetic 
Anhydride.—Acetic anhydride (25 ml.), 4: 6-ethylidene 8-methyl-p-glucoside 2 : 3-dinitrate (2 g.), 
and sodium iodide (4 g.) were heated for 3 hours at 100°. The solution was poured into ice-water 
and left for 1 day. A chloroform extract therefrom was washed with sodium thiosulphate and 
sodium hydrogen carbonate solutions. Distillation of the dried solution left a syrup (1-5 g., 
76%) which, crystallised from light petroleum (b. p. 80—100°), gave 4: 6-ethylidene 6-methyl- 
p-glucoside 2-acetate 3-nitrate, m. p. 124—125°, [«]}’ —38-0° (c, 0-24 in chloroform) (Found : 
C, 42-5; H, 5:3; N, 4-6. Calc. for C,,H,,O,N: C, 43-0; H, 5:3; N, 4-6%). Dewar and Fort 
(loc. cit.) record m. p. 128—129°, [«]#? —44° (in chloroform). An authentic specimen, m. p. 
126—127°, had mixed m. p. with that prepared above, 125—126°. 
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Acetic anhydride (25 ml.), sodium iodide (8 g.), and 2: 3-dinitrate (4 g.) were boiled under 
reflux for 3 hours. The product isolated as in the previous experiment was 4 : 6-ethylidene 
f-methyl-p-glucoside 2: 3-diacetate (2-5 g., 64%), m. p. 170—172°, mixed m. p. with an 
authentic specimen, 172—173°. 
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526. 1:2:3:4-T'etrahydro-6-hydroxycarbazole and 
3-Hydroxycarbazole. 


By A. HILrary MILNE and Murtet L. ToMLINson. 


The so-called “‘ 12-hydroxy-1 : 2: 3: 4-tetrahydroisocarbazole ’’ (Barnes, 
Pausacker, and Schubert, /., 1949, 1381) has been shown to be identical with 
the hitherto unrecognised 1: 2: 3: 4-tetrahydro-6-hydroxycarbazole which 
has now been prepared by demethylating 1 : 2: 3 : 4-tetrahydro-6-methoxy- 
carbazole. It gives 1: 2:3: 4-tetrahydro-6-methoxycarbazole on methyl- 
ation. The compound formerly regarded as 12-hydroxyisocarbazole has been 
shown to be identical with 3-hydroxycarbazole prepared by an unambiguous 
route. A new compound C,,H,,ON has been isolated from the bromination 
products of 1: 2: 3: 4-tetrahydrocarbazole. 


Four isomeric compounds C,,H,,ON have been obtained from 1: 2: 3: 4-tetrahydro- 
carbazole and its derivatives in various ways (Perkin and Plant, J., 1923, 676; Plant and 
Tomlinson, J., 1931, 3324; J., 1933, 298), and the structures originally allotted to these 
substances have recently been revised (Plant and Robinson, Nature, 1950, 165, 36; Witkop, 
J. Amer. Chem. Soc., 1950, 72, 614; Plant, Robinson, and Tomlinson, Nature; 1950, 165, 
928; Partick and Witkop, J. Amer. Chem. Soc., 1950, 72, 634; Plant and Tomlinson, 
J., 1950, 2127). One of us (M. L. T.) has now obtained, in very small quantity, a fifth 
isomer as colourless needles, m. p. 243° (decomp.), formed together with 1 : 2: 3 : 4-tetra- 
hydro-11-hydroxycarbazolenine, by bromination of 1: 2:3: 4-tetrahydrocarbazole in 
acetic acid and dilution of the resulting solution with water and ammonia. Its nature has 
not yet been elucidated. Its infra-red absorption spectrum shows bands at 2-86 and 
2-95 » which probably indicate that both OH and NH groups are present. It appears to 
be a monomer of C,,H,,ON because it was dehydrogenated with palladium—charcoal at 
280—300° to carbazole. The xylene used to extract the product exhibited no fluorescence, 
thus showing that no trace of 1 : 9-9’ : 1’-dicarbazolylene (J., 1950, 2127) was formed in 
the reaction. However, the molecular weight (Rast) was discordant and indicated 
considerable association. Further investigations are in progress. 

Barnes, Pausacker, and Schubert (J., 1949, 1381) have described an isomer of these 
substances which they obtained as a by-product in the preparation of 8-chloro-1 : 2: 3: 4- 
tetrahydrocarbazole from cyclohexanone o-chlorophenylhydrazone by the Fischer method 
with sulphuric acid. Their compound, C,,H,,ON, which formed colourless needles, 
m. p. 172°, they considered to be 12-hydroxy-1 : 2 : 3: 4-tetrahydroisocarbazole (I) and they 
dehydrogenated it with palladium-charcoal to a substance, m. p. 267°, to which they 
attributed the constitution (II), 12-hydroxyisocarbazole. They stated that both of these 
substances were non-phenolic. 
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It was of interest to us to prepare a specimen of the compound C,.H,,ON, m. p. 172°, 
for comparison with our own materials and also to assist in ascertaining whether it might 
possibly be present in our bromination product. Accordingly we followed these authors’ 
procedure exactly and we obtained a colourless crystalline compound, m. p. 172°, which 
was a polymorphic mixture of needles and plates. Our product was, however, definitely 
phenolic. It dissolved in dilute aqueous sodium hydroxide to give a solution that darkened 
in air and from which it could be reprecipitated by acid. A brownish-purple colour was 
produced when aqueous ferric chloride was added to its alcoholic solution. It thus appeared 
to be a tetrahydrohydroxycarbazole, and it seemed to us that the 6-position was the most 
probable for the hydroxyl group. This structure (III; R = H) was confirmed because 


OH | OH 
COO an —/( ROZ 
WX 


| | 
VY \ \ 
H 


(1) (II) (ITT) 

methylation with methyl sulphate and sodium hydroxide afforded 1 : 2: 3: 4-tetrahydro- 
6-methoxycarbazole (III; R = Me) identified by mixed-melting-point determination with 
an authentic specimen of that substance prepared from cyclohexanone #-methoxyphenyl- 
hydrazone. In addition 1: 2:3: 4-tetrahydro-6-methoxycarbazole has now been 
demethylated by heating it with pyridine hydrochloride (cf. Prey, Ber., 1941, 74, 1219) 
to give 1: 2: 3: 4-tetrahydro-6-hydroxycarbazole (III; R = H), m. p. 172°, not depressed 
on admixture with the substance, m. p. 172°, prepared by the method of Barnes, Pausacker, 
and Schubert. 

In view of these results we repeated the dehydrogenation procedure of these authors, 
using a specimen prepared by their method, and we obtained a colourless solid that melted 
to a black liquid at 255°. This too was phenolic. It formed a solution in aqueous sodium 
hydroxide that darkened in air, and an alcoholic solution treated with aqueous ferric 
chloride became green. An authentic specimen of 3-hydroxycarbazole, m. p. 260°, was 
therefore prepared by dehydrogenating and demethylating 1: 2:3: 4-tetrahydro-6- 
methoxycarbazole, and the two substances were identical: a mixture melted at 258°, and 
the infra-red absorption spectra measured for paraffin pastes are in every way identical 
(both show bands at 2-92 and 3-15y characteristic of hydrogen-bonded OH and NH 
respectively). The two specimens also exhibit similar ultra-violet absorption in methanol 
(Amax. 2350, 2650, 3000, and 3450 A: ¢ 17,100, 12,500, 17,100, and 3800 respectively). From 
these results it must be concluded that the so-called 12-hydroxytsocarbazole is actually 
3-hydroxycarbazole. 

3-Hydroxycarbazole has been previously described by Ruff and Stein (Ber., 1901, 34, 
1683) who prepared it in very small yield by diazotising 3-aminocarbazole and give its 
corrected m. p. as 260—261°. We found their method of preparation rather unsatisfactory, 
as was diazotisation with nitrosylsulphuric acid in place of nitrous acid. A specimen made 
this way melted at 245° but the m. p. was raised by 3-hydroxycarbazole. An abstract ofa 
patent (Chem. Zentr., 1931, II, 1761) gives m. p. 256°. 

We obtained 3-methoxycarbazole as plates, m. p. 151—152°; Borsche, Witte, and 
Bothe (Annalen, 1908, 359, 49) give m. p. 138—139°, and the above patent gives m. p. 142°. 
1: 2:3: 4-Tetrahydro-6-methoxycarbazole was first prepared by Borsche et al. (loc. cit.) 
who give its m. p. as 94—95°. It melts to a yellow liquid and we have not found the m. p. 
sharp, it seems to depend on the rate of heating and on the size of the crystals and we have 
obtained values of 93—98° and 93—105° with different specimens. In light petroleum 
solution it is rapidly converted into a substance that liberates iodine from acidified 
potassium iodide and is presumably a peroxide (cf. Beer, McGrath, and Robertson, J., 1950, 
2118). 1: 2:3: 4-Tetrahydro-6-methoxycarbazole is recovered unchanged when treated 
with methyl sulphate and &lkali under the conditions used to methylate the hydroxyl group 
of 1: 2:3: 4-tetrahydro-6-hydroxycarbazole. 1: 2:3: 4-Tetrahydro-6-hydroxycarbazole 
does not appear to have been previously recognised. 
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EXPERIMENTAL 


Bromination of 1: 2:3: 4-Tetrahydrocarbazole.—The reaction was carried out as described 
by Plant and Tomlinson (J., 1933, 299). Evaporation of the benzene from which 1: 2: 3: 4- 
tetrahydro-1l-hydroxycarbazolenine (formerly called 10-hydroxy-1 : 2: 3: 10-tetrahydro- 
carbazole) separated, afforded a small quantity of material which, after trituration with ether 
and recrystallisation from alcohol, yielded a substance as colourless needles, m. p. 243° (decomp.) 
{Found: C, 77-1; H, 7-0; N, 7-45%; M (Rast), 285. C,,H,,ON requires C, 77-0; H, 6-95; 
N, 7:5%; M, 187). 

1: 2:3: 4-Tetrahydro-6-hydroxycarbazole (12-Hydroxytetrahydroisocarbazole).—(a) This sub- 
stance was prepared as described by Barnes, Pausacker, and Schubert (loc. cit.). It separated 
from light petroleum (b. p. 100—120°) as a mixture of colourless needles and plates, both of 
m. p. 172° alone or mixed together (Found: C, 77-0; H, 69; N, 7-5. Calc. for C,,H,,ON : 
C, 77-0; H, 695; N, 7:5%). (b) 1: 2:3: 4-Tetrahydro-6-methoxycarbazole (0-5 g.) was 
heated with freshly distilled pyridine hydrochloride at 200-—220° for 2} hours in an atmosphere 
of carbon dioxide. The resulting product was washed with dilute hydrochloric acid and quickly 
extracted with sodium hydroxide (2N). The alkaline extract was rapidly acidified and the 
product, after drying in vacuo, was recrystallised (twice) from light petroleum (b. p. 100—120°) 
from which it separated as colourless needles, m. p. 172°, alone or mixed with the substance 
prepared as above. 

1: 2:3: 4-Tetrahydro-6-methoxycarbazole (cf. Borsche et al., Annalen, 1908, 359, 65).— 
(a) cycloHexanone p-methoxyphenylhydrazone was mixed with dilute sulphuric acid (1 acid : 
9 water by volume) and kept at the b. p. for 10—15 minutes. On cooling, the indole crystallised 
and was obtained, after recrystallisation from alcohol or aqueous alcohol, as needles m. p. 93— 
105° or 93—98° (Found: C, 77-5; H, 7-4. Calc. for C,,H,,ON: C, 77-6; H, 7-4%). (b) The 
so-called 12-hydroxytetrahydroisocarbazole (0-1 g.) was dissolved in acetone (5 c.c.), sodium 
hydroxide (0-5 g. in a little water) was added, and the mixture was treated with methy! sulphate 
(1 c.c.) drop by drop with shaking. After 15 minutes water was added and the product 
crystallised. Recrystallisation from dilute alcohol afforded 1 : 2: 3: 4-tetrahydro-6-methoxy- 
carbazole as fine needles, m. p. 93—98° not depressed by admixture with a specimen of the 
substance prepared as above and recrystallised from dilute alcohol. 

3-Methoxycarbazole.—1 : 2: 3: 4-Tetrahydro-6-methoxycarbazole was heated in an atmo- 
sphere of carbon dioxide for 2 hours at 280—300° with palladium-charcoal (containing 10% of 
palladium and prepared by reduction of palladium chloride with hydrogen at atmospheric 
pressure in the presence of ‘‘ Norite’’). 3-Methoxycarbazole was extracted with hot alcohol and 
recrystallised from alcohol as colourless plates, m. p. 151—152° (Found: C, 79-3; H, 5-5. 
Calc. for C;;H,,ON: C, 79-2; H, 5-6%). 

3-Hydroxycarbazole.—(a) 3-Methoxycarbazole (1-0 g.) was boiled with aqueous hydrobromic 
acid (2 c.c. of 50%) and acetic acid (10 c.c.) in an inert atmosphere for 2 hours. When the 
solution cooled, the product crystallised. It was collected and recrystallised first from aqueous 
alcohol and then from glacial acetic acid from which it separated as almost colourless plates, 
m. p. 260° (with partial decomp. to a black liquid) (Found: C, 78-8; H, 5-1. Calc. for 
C,,H,ON: C, 78:7; H, 49%). (b) The so-called 12-hydroxytetrahydroisocarbazole was 
dehydrogenated as described by Barnes, Pausacker, and Schubert, with palladium-charcoal 
prepared as above, and 3-hydroxycarbazole, m. p. 255° raised by admixture with the above to 
258° (black liquids), was obtained. 


The authors thank Dr. S. G. P. Plant for much valuable discussion. 
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527. The Isomerisation of Sulphilimines. Part II.* 


By AntTHony S. F. Aso and FREDERICK CHALLENGER 
(with an Addendum by Tuomas S. STEVENS and JoHN L. DuNy). 


The migration of an allyl group from sulphur to nitrogen in diallyl 
sulphilimines, (CH,;CH*CH,),S—>N*SO,*Ar, giving N-allyl-N-allylthioaryl- 
sulphonamides CH,:CH*CH,*N(S°*CH,°CH:CH,)*SO,*Ar, as described in 
Part I,* has now been observed with the sulphilimines derived from allyl 
benzyl sulphide and diallyl sulphide by using chloramine-t and p-acetamido- 
N-chloro-N-sodiobenzenesulphonamide respectively. Isomerisation occurs 
at room temperature or at the melting point, giving with allyl benzyl 
sulphilimine a crystalline isomer and, in the second case, an oil. Alkaline 
hydrolysis yields N-allyltoluene-p-sulphonamide in the first case, and p-acet- 
amido-N-allylbenzenesulphonamide and WN!-allyl-p-aminobenzenesulphon- 
amide in the second. Here also the acraldehyde resulting from the 
decomposition of the prop-2-enesulphenic acid C,H,*S*OH formed during 
hydrolysis has been detected. Dibenzyl sulphilimine (PhCH,),S~> 
N*SO,°C,H,Me at 180—200° gives several products, including N-benzyl- 
toluene-p-sulphonamide. 


In Part I * of this series Ash, Challenger, and Greenwood showed that the sulphilimines 
prepared from diallyl sulphide and N-chloro-N-sodiotoluene-p-sulphonamide (chlor- 
amine-T) and N-chloro-4-methyl-3-nitro-N-sodiobenzenesulphonamide undergo a spon- 
taneous isomeric change at room temperature, an allyl group migrating to nitrogen. The 
isomers are oils but alkaline hydrolysis (giving R‘SO,*NH°CH,°CH:CH,g, diallyl disulphide, 
hydrogen sulphide, and a resin arising from acraldehyde) shows that they have 
the structure CH,:CH*CH,°N(S*CH,*CH°CH,)-SO,°R. The last three products arise 
from the decomposition of prop-2-enesulphenic acid C,;H,*S*OH, a primary product of 
hydrolysis. With N-chloro-N-sodionaphthalene-1l-sulphonamide, the isomer is at once 
obtained. Further examples of this migration have now been observed. Allyl benzyl 
sulphide and chloramine-T give a sulphilimine (CH,Ph)(CH,:-CH*CH,)S>N-*SO,°C,H,Me 
which changes at its melting point or in a few days at room temperature, giving, 
by migration of the allyl group, the solid isomer CH,:CH-CH,*N(S*CH,Ph)-SO,°C,H,Me. 
On alkaline hydrolysis N-allyltoluene-f-sulphonamide, dibenzyl disulphide, hydrogen 
sulphide, and benzoic acid are obtained. The last two compounds no doubt arise 
from the decomposition of the intermediate toluene-w-sulphenic acid : CH,Ph*S-OH= 
Ph-CHO + H,S. A Cannizzaro reaction then follows. No benzyl alcohol was isolated. 
Diallyl sulphide and #-acetamido-N-chloro-N-sodiobenzenesulphonamide give diallyl 
sulphine p-acetamidobenzenesulphonylimine. This slowly isomerises at room temperature, 
and readily at its melting point, giving a semi-solid product and an oil respectively, from 
both of which p-acetamido-N-allylbenzenesulphonamide was isolated by crystallisation 
from alcohol, indicating that hydrolysis or alcoholysis had occurred. In boiling water the 
oil was slowly hydrolysed and acraldehyde was detected in the volatile products as the 
dimedone derivative. Alkaline hydrolysis yielded N1-allyl-p-aminobenzenesulphonamide 
and hydrogen sulphide, the acetyl group being lost. 

Dibenzyl sulphilimine (dibenzyl sulphine toluene-p-sulphonylimine; Mann and Pope, 
J., 1922, 1052) has the normal structure as it gives toluene-p-sulphonamide on hydrolysis 
with dilute hydrochloric acid. It is stable at room temperature for several months but 
when heated in nitrogen at 180—200° for 16 hours undergoes a complex decomposition 
involving the migration of a benzyl group giving (a) N-benzyltoluene-p-sulphonamide, 
(6) toluene-p-sulphonamide, (c) dibenzyl disulphide, (d) stilbene, and (e) traces of benz- 
aldehyde. The formation of stilbene suggests that this reaction may involve free radicals, 
e.g., PheCH,*, PheCH,°S-, and CgH,Me*SO,°N (Clarke, Kenyon, and Phillips, J., 1927, 188; 


a 
ve 


* Part I, J., 1951, 1877. 
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1930, 1225), which might arise from the primary isomerisation product (II) which was not, 
however, isolated from the reaction mixture. Dr. J. W. Baker (personal communication) 


(I) (CH,Ph),S->N-SO,-C,H,Me CH,Ph-S-N(CH,Ph)*SO,°C,H,Me (II) 


pointed out that the homolytic fission of the semipolar bond in (I) is unlikely. It is possible 
that (a) and (c) might be formed from (II) by the action of the cold aqueous sodium 
hydroxide used in the isolation of the reaction products, though this seems unlikely as hot 
alkali was employed for this purpose (see p. 2794 and J., 1951, 1877). The isomerisation 
of sulphilimines is under further investigation. 

When the experiments here described were almost complete, Dr. T. S. Stevens kindly 
informed us that he and Dunn (J. L. Dunn, Thesis, Univ. Glasgow, 1934) had already 
observed the migration of a benzyl group from benzy! phenyl sulphine toluene-p-sulphonyl- 
imine (CH,Ph)(Ph)S+N-SO,°C,H,Me in boiling cymene, N-benzyltoluene-p-sulphonamide 
being isolated from the mixture. No migration occurred with benzyl methyl sulphine 
toluene-f-sulphonylimine at 165—170°. 


EXPERIMENTAL 
The diallyl sulphilimine derived from p-acetamidobenzenesulphonic acid. 


p-Acetamido-N-chloro-N-sodiobenzenesulphonamide was prepared by the method of Todd, 
Fletcher, and Tarbell (J. Amer. Chem. Soc., 1943, 65, 350) (Found: available Cl, 11-0. Calc. for 
C,H,O,N,SCINa: available Cl, 13-3%). The temperature must not drop below 10° while the 
hypochlorite solution is being added, as very little introduction of chlorine occurs below this 
temperature. In one experiment at 0°, the bulk of the sulphonamide was recovered unchanged. 

Diallyl Sulphine p-Acetamidobenzenesulphonylimine and its Isomer.—Diallyl sulphide (7 g.) 
was added to an ice-cold aqueous 10% solution of the foregoing reagent, and the mixture shaken 
for an hour. A pale yellow precipitate separated which, after being washed first with water, 
then with 1% sodium hydroxide (to remove any sulphonamide), and finally with water, was 
dried (14 g.; m. p. 94—95°). After recrystallisation of this sulphilimine by addition of light 
petroleum (b. p. 60—80°) to a cold solution in much chloroform, the m. p. was 95°, unchanged on 
recrystaliisation (Found: C, 51-3; H, 5-3; N, 8-4. C,,H,,0,N,S, requires C, 51-5; H, 5-5; 
N, 86%). After 4—5 weeks at room temperature this compound, without changing in weight, 
became pasty and gradually formed a wax. After 5 weeks, one sample had m. p. 46-5—49-5° 
whilst another was viscous. The sulphilimine was converted into a clear oil (A), without change 
in weight, when warmed on the steam-bath. The change seems incomplete at room temperature. 
The oily isomer (A) did not solidify below 0° (Found: C, 51-4; H, 5-7; N, 8-95%). 

The w2x, formed from the sulphilimine, was very soluble in acetone and methyl and ethyl 
alcohoi, less so in benzene and chloroform, and insoluble in light petroleum. Attempts to 
crystallise it from mixtures of solvents at 0° failed. The solution in warm aqueous alcohol 
became deep yellow and there was a slight odour of an allyl-sulphur compound; some solid, 
m. p. 152—153°, separated on cooling. Similar treatment of the oil (A) yielded a further small 
quantity of this solid, m. p. 153° alone or on admixture with the above sample. The combined 
solids were recrystallised from chloroform and a mixture of chloroform and ethyl acetate, and 
the m. p. was raised to 154° alone or on admixture with authentic p-acetamido-N-allylbenzene- 
sulphonamide (Found: C, 52-2; H, 5-6; N, 10-8. C,,H,,0,N,S requires C, 52-0; H, 5-5; N, 
11-1%). 

Acid Hydrolysis of the Sulphilimine.—Freshly prepared diallyl sulphine p-acetamidobenzene- 
sulphonylimine (1 g.) dissolved in hydrochloric acid (5 c.c.) to form a clear solution. (A small 
amount, warmed with dilute hydrochloric acid, formed an oil, apparently the liquid isomer.) 
The mixture was heated under reflux for 15 minutes. The solution became cloudy at first but 
later cleared again, becoming slightly yellow, and a trace of oil was formed at the surface. The 
solution was cooled and a pale yellow precipitate separated (0-15 g.) which sintered from 200° 
to 214°. It contained chlorine and was soluble in water, being, apparently, sulphanilamide 
hydrochloride. The acid solution was therefore evaporated to dryness and the residue, with 
the above solid, treated with warm aqueous ammonia, buff-coloured platelets separating which 
had m. p. 158—160° (0-5 g.)._ After recrystallisation from water the m. p. and mixed m. p. with 
authentic sulphanilamide (m. p. 163°) was 162—163°. 

Alkaline Hydrolysis of the Liquid Isomer (p-Acetamido-N-allyl-N-allylthiobenzenesulphon- 
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amide).—The oil (A) (9 g.) was warmed under reflux on the steam-bath for 30 minutes with 
aqueous 25% sodium hydroxide (50 c.c.). Some resinous material separated. The filtrate was 
acidified in a stream of nitrogen; hydrogen sulphide and diallyl disulphide were trapped in 
sulphuric acid~cadmium sulphate and in mercuric chloride respectively (cf. J., 1951, 1879). 
More resin was removed and the acidified solution evaporated. The residue with warm aqueous 
ammonia yielded crystals (4 g.), m. p. 100—102°, on cooling. After two recrystallisations from 
chloroform and light petroleum, the m. p. was 103—103-5°; it was 104°, alone or on admixture 
with authentic N’-allylsulphanilamide, after two further recrystallisations from chloroform 
(Found : C, 50-8; H, 5-7; N, 12-9. C,H,,0,N,S requires C, 50-8; H, 5-7; N, 132%). 

Aqueous Hydrolysis of p-Acetamido-N-allyl-N-allylthiobenzenesulphonamide.—This compound 
(5 g.) was boiled with water (100 c.c.) under reflux in a stream of nitrogen for 15 hours. The 
volatile products passed through absorption vessels containing (1) aqueous 0-4% ‘‘ dimedone ”’ 
solution, (2) 5% cadmium sulphate in n-sulphuric acid to absorb hydrogen sulphide (Mapstone, 
J. Proc. Australian Chem. Inst., 1946, 13, 375), and (3) 3% mercuric chloride solution. Ina 
‘“‘ trap ’’ preceding the dimedone solution a pungent odour was detected. A precipitate formed 
in (1) with m. p. 192° (after recrystallisation from aqueous alcohol) alone or on admixture with 
the authentic condensation product of acraldehyde and dimedone. The precipitate in (3) had 
the properties of the mercurated fission product of diallyl disulphide (Ash, Challenger, and 
Greenwood, J., 1951, 1877). Hydrogen sulphide was detected by lead acetate paper but the 
quantity was insufficient to give a precipitate in (2). When the main solution was cooled, some 
resin and a crystalline solid (1-3 g.), m. p. 153°, separated. After recrystallisation from hot 
water this had m. p. 154° alone or mixed with authentic p-acetamido-N-allylbenzenesulphon- 
amide. 

N}-Allylsulphanilamide.—N-Acetylsulphaniloyl chloride (Schroeter, Ber., 1906, 39, 1559) 
(2 g.) was shaken for 8 hours with allylamine (0-5 g.) in 2N-sodium hydroxide (50 c.c.). The 
solution was warmed at 100° for 30 minutes, to ensure hydrolysis of the acetyl group, evaporated 
to a small bulk, and neutralised with dilute hydrochloric acid. The solid (1-5 g.) which separated 
had m. p. 98—100°. Two recrystallisations from chloroform and light petroleum (b. p. 60—80°) 
and one from chloroform, raised the m. p. to 104° (Found: C, 50-7; H, 5-9; N, 13-5. Calc. 
for C,H,,0,N,S: C, 50-8; H, 5:7; N, 132%). 

p-Acetamido-N-allylbenzenesulphonamide.—Allylamine (0-5 g.) was slowly added to N-acety1- 
sulphaniloyl chloride (1-8 g.) at 0°, giving an oily mass. The reaction was completed by warming 
for 10 minutes at 100°, and excess of allylamine removed with dilute hydrochloric acid. The 
resultant granular amide was filtered off and washed with water (2 g.; m. p. 117—119°). After 
recrystallisation from water the m. p. was 153-5—154-5° (needles), raised by recrystallisation 
from chloroform to 154—154-5° (Found: C, 52-3; H, 5-1; N, 11-0; S, 12-8. C,,H,,0,N,S 
requires C, 52-0; H, 5-5; N, 11-1; S, 12-6%). 


The dibenzyl sulphilimine derived from toluene-p-sulphonic acid. 


The sulphilimine (dibenzyl sulphine toluene-p-sulphonylimine), prepared by Mann and 
Pope’s method (J., 1922, 1052), was shaken with 1% aqueous sodium hydroxide (100 c.c.). 
After two recrystallisations from benzene it had m. p. 192° (Found: C, 65-9; H, 5-6; N, 3-7. 
Calc. for C,,H,,O,NS,: C, 65-8; H, 5-5; N, 3-65%). Toluene-p-sulphonamide (0-25 g.), 
m. p. 136—137°, was recovered from the alkaline wash-liquors. A specimen kept for several 
months at room temperature had not altered in m. p. 

The sulphilimine (0-5 g.) was boiled for 30 minutes with dilute hydrochloric acid, giving 
toluene-p-sulphonamide, m. p. and mixed m. p. 137°. 

Pyrolysis.—The foregoing compound (25 g.) was heated under reflux in nitrogen for 16 hours 
at 180—200°, with protection by calcium chloride tubes. The melt gave, on cooling, an 
orange paste (P). A small amount of precipitate separated in a solution of 2 : 4-dinitrophenyl- 
hydrazine in 2Nn-hydrochloric acid through which the issuing nitrogen was passed. On 
crystallisation from alcohol the m. p. alone or on admixture with authentic benzaldehyde 2: 4- 
dinitrophenylhydrazone was 235°. 

The paste (P), when triturated with ether (20 c.c.), gave almost colourless crystals (7 g.) 
which after repeated washing with ether were treated with 2N-sodium hydroxide (30 c.c.) to 
remove sulphonamide. The residue, when washed with water and dried, sintered from 130— 
150°. Recrystallisation from chloroform and light petroleum (b. p. 60—80°) and then from 
benzene raised the m. p. to 190° alone and 190—191° on admixture with authentic dibenzyl 
sulphine toluene-p-sulphonylimine (m. p. 191—192°). Acidification of the alkaline wash- 
liquors gave a solid (1-5 g.), m. p. 115—120°. When recrystallised from chloroform and light 
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petroleum (b. p. 60—80°) this had m. p. 136—137° alone or mixed with authentic toluene-p- 
sulphonamide. 

The ethereal washings from (P) were extracted with 2Nn-sodium hydroxide (15 c.c.). 
Acidification of the aqueous layer precipitated more toluene-p-sulphonamide (2-3 g.). 
Evaporation of the ether left an orange-coloured mass of m. p. 55—60° (2:5 g.). After three 
crystallisations from methyl] alcohol the m. p. was 69—70° alone or on admixture with authentic 
dibenzyl disulphide (Found: C, 68-0; H, 5-7; S, 26-1. Calc. for C,,H,,S,: C, 68-4; H, 5-7; 
S, 26-0%). 

Evaporation of the mother-liquors from the disulphide left a waxy orange solid. Crystallised 
twice from chloroform and light petroleum (b. p. 60—80°) and then twice from ethy] alcohol this 
had m. p. 115° alone or mixed with authentic N-benzyltoluene-p-sulphonamide (Chattaway, 
J., 1905, 87, 159) (Found: C, 64-4; H, 6-0; N, 5-4; S, 12-7. Calc. for C,,H,,O,NS: C, 64-4; 
H, 5-8; N, 5-4; S, 12-3%). 

The mother-liquors from the orange wax were evaporated, leaving a red oil (4 g.) which did 
not crystallise. Distillation at 0-5 mm. yielded a red oil, b. p. 110—120°. This partly solidified 
and when crystallised from light petroleum (b. p. 60—80°) (yield, 2 g.) and then from ethyl 
alcohol had m. p. 124—125° alone or mixed with stilbene (Found: C, 93-3; H, 6-7. Calc. for 
C,,H,,: C, 93-3; H, 6-7%). The mother-liquors yielded more stilbene and traces of an orange- 
red oil. The colour was not discharged by zinc dust in acetic acid, so an azo-compound was not 
present. The oil contained no component volatile in steam and was not identified. 


The allyl benzyl sulphilimine derived from toluene-p-sulphonic acid and its isomer. 

Preparation of Allyl Benzyl Sulphine Toluene-p-sulphonylimine.—Allyl benzyl sulphide 
(von Braun and Engelbertz, Ber., 1923, 56, 1573) (2 g.) was slowly added, with shaking, to ice- 
cold aqueous 10% chloramine-t solution (40c.c.). The pasty precipitate which became granular 
after 1 hour’s shaking was shaken with 1% sodium hydroxide solution (to remove sulphonamide). 
After filtration and washing with water it had m. p. 73—74°. Three crystallisations from 
chloroform-light petroleum (b. p. 60—80°) raised the m. p. to 84—85°. A sample of the sulphil- 
imine was freshly prepared and immediately sent for analysis (Found: C, 61-0; H, 5-8; N, 4-2. 
C,,;H,,0,NS, requires C, 61-3; H, 5:7; N, 4:2%). After one week the sulphilimine was 
re-washed with water and recrystallised as before. The m. p. was then constant at 51° (Found : 
C, 61-4; H, 5-7; N, 4-2%). Two further preparations gave yields of sulphilimine of 92 and 
88%. At first the m. p. of the pure product was 85°. After one week the weight was unchanged 
and the m. p. 50—51°. The m. p.s of samples 3, 5, and 7 days after preparation were 76—77°, 
62—64°, and 50—51° respectively. At 100° the sulphilimine formed an oil which resolidified on 
cooling, without changing in weight, and melted at 50—51°. 

Investigation of the Time required to Isomerise the Sulphilimine at its Melting Point.—Ally] 
benzy] sulphine toluene-p-sulphonylimine was prepared and purified as before. The m. p., after 
one hour, was 84—85°. Four flasks (a—d), each containing 0-2 g. of the sulphilimine, were 
immersed, in turn, in a bath at 90—100°. The duration of heating, timed from the onset of 
melting, was (a) 15 sec., (b) 5 min., (c) 10 min., (d) 15 min. The resultant solids, when washed 
with light petroleum, had m. p. 50—51°. It appears that isomerisation of the sulphilimine 
occurs practically instantaneously at its m. p. 

Identical results were obtained when the sulphilimine (15 g.) within 12 hours of preparation 
was heated at 75—85° in dry nitrogen for 16 hours. 

Acid Hydrolysis of the Sulphilimine.—Freshly prepared allyl benzy] sulphilimine (0-25 g.) was 
refluxed for 1 hour with hydrochloric acid. Traces of oil quickly formed. A solid, m. p. 112— 
115°, separated on cooling, and on crystallisation from dilute alcohol and then from chloroform 
and light petroleum (b. p. 60—80°) had m. p. 136-5—137-5° and mixed m. p. 136—137° with 
toluene-p-sulphonamide. 

Alkaline Hydrolysis of ‘‘ Altered Allyl Benzyl Sulphilimine”’ (The Solid Isomer, m. p. 50—51°, 
formed after seven days at room temperature).—The isomer (8 g.) was boiled under reflux for 
1 hour with 25% aqueous sodium hydroxide (45 c.c.), giving an orange oil which gradually 
dissolved and a faint sulphide odour. The cold solution was acidified with hydrochloric acid 
and volatile products aspirated through tubes containing (i) 5% cadmium sulphate in n-sulphuric 
acid (Mapstone, loc. cit.), (ii) 4% mercuric cyanide solution, and (iii) 3% mercuric chloride 
solution. Cadmium sulphide was precipitated in (i). No precipitate formed in the mercuric 
cyanide or mercuric chloride, indicating the absence of volatile thiols or sulphides. 

The acidified reaction mixture contained a colourless solid and a yellow oil. The first when 
crystallised from aqueous alcohol (2-5 g.) and then from chloroform and light petroleum (b. p. 
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60—80°), had m. p. 63° alone or on admixture with authentic N-allyltoluene-p-sulphonamide 
(m. p. 63°) (Found: C, 57-1; H, 6-25; N, 6-5. Calc. for C,jH,,0,NS: C, 56-9; H, 6-2; N, 
66%). The combined filtrate and washings were extracted twice with ether. The aqueous 
solutions yielded sodium chloride. The ether was shaken with 2N-sodium hydroxide (5 c.c.). 
Acidification of the alkaline layer gave a precipitate (0-2 g.). After two recrystallisations from 
aqueous alcohol, the m. p. and mixed m. p. with N-allyltoluene-p-sulphonamide was 63—64°. 
A further small quantity separated from the alcoholic mother-liquors. Evaporation of these 
liquors left a residue with m. p. 100—102° (111—114° on recrystallisation from hot water). 
After sublimation the m. p. and mixed m. p. with benzoic acid was 120—121°. The ethereal 
layer yielded an orange-coloured oil and a solid. When crystallised from aqueous alcohol the 
latter had m. p. 62—63° alone or on admixture with N-allyltoluene-p-sulphonamide. The oil 
was therefore treated with 2N-sodium hydroxide and twice re-extracted with ether. 
Acidification of the alkali gave a further 0-1 g. of N-allyltoluene-p-sulphonamide. Evaporation 
of the ether gave a yellow wax which after trituration with methyl alcohol melted at 64—65°, 
and after three recrystallisations, from methyl alcohol, at 69—70° alone or mixed with dibenzyl 
disulphide. 

Alkaline Hydrolysis of ‘‘ Altered Allyl Benzyl Sulphilimine.’’—The solid isomer (0-5 g.; m. p. 
50—51°) formed by heating the sulphilimine was boiled under reflux for 1-5 hours with 25% 
sodium hydroxide solution (3 c.c.). The orange-red solution had an odour of benzaldehyde. 
The cold solution was acidified and volatile products were aspirated as before. Hydrogen 
sulphide was evolved. The precipitate in the acidified reaction mixture was separated. The 
m. p. was indefinite. Extraction with hot benzene left a small residue of silica. The benzene 
yielded a yellow oil which was crystallised from water and then had m. p. 58—60°. On 
recrystallisation from light petroleum (b. p. 60—80°) and then aqueous alcohol, crystals, m. p. 
62—63° alone or mixed with N-allyltoluene-p-sulphonamide, were obtained. 

Attempted Acid Hydrolysis of N-Allyl-N-benzylthiotoluene-p-sulphonamide.—N-Allyl-N- 
benzylthiotoluene-p-sulphonamide (0-5 g.), formed from allyl benzyl sulphilimine in 7 days at 
room temperature, was boiled under reflux for 30 minutes with hydrochloric acid (10c.c.). The 
resultant oil was extracted with ether, the aqueous layer separated, and the ethereal solution 
washed with water and evaporated leaving a colourless semi-solid product (0-5 g.). After 
three recrystallisations from alcohol the m. p. was constant at 76—77°. Chlorine was present 
but no precipitate was formed with silver nitrate. The substance is still under investigation 
(Found: N, 3-9; Cl, 9-7. C,,H,,O,NS,Cl requires N, 3-7; Cl, 9-6%). It may arise by addition 
of hydrogen chloride to the double bond of the allyl group of the ‘‘ altered sulphilimine.” 


ADDENDUM by Tuomas S. STEVENS and JoHN L. DunNN. 


Benzyl Phenyl Sulphine Toluene-p-sulphonylimine.—Benzyl phenyl sulphide did not react 
with chloramine-T in hot aqueous acetone. The sulphide (10 g.) and chloramine-T (15 g.) were 
therefore boiled in alcohol for 2 hours during which sodium chloride separated. After removal 
of most of the solvent and dilution with water the mixture gave a solid sulphilimine which 
crystallised from alcohol in cubes, m. p. 145—146° (12 g.) (Found: S, 17-1. Cy 9H,0,NS, 
requires S, 17-3%). Boiling with aqueous sodium hydroxide for 3 hours and acidification gave 
toluene-p-sulphonamide. 

The sulphilimine was boiled for 24 hours in p-cymene, the solvent removed in steam, and the 
residue extracted with dilute aqueous sodium hydroxide. Acidification gave N-benzyltoluene- 
p-sulphonamide, identified by its m. p. and mixed m. p. No trace of the intermediate product 
could be found. 

Benzyl methyl sulphine toluene-p-sulphonylimine was prepared from the sulphide (3-2 g.) in 
acetone (20 c.c.) and chloramine-t (8 g.) in water (45.c.c.). Much heat was evolved and crystals 
separated. After 1 hour’s shaking the acetone was removed and the sulphilimine filtered off ; 
it recrystallised from alcohol in cubes, m. p. 161—162° (6 g.) (Found: N, 4:7. C,;H,,O,NS, 
requires N, 4-6%). When this was heated to 165—170° for 4 hours, slight decomposition occurred 
but the major portion was recovered unchanged ; at 200° complete decomposition took place. 


The authors thank the Royal Society and Imperial Chemical Industries Limited for grants, 
and Dr. E. Rothstein for the specimen of allyl benzyl sulphide. 
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528. Some Experiments on the Nitrofluorenones and Related Nitrophen- 
anthridones, and Observations on the Ullmann Fluorenone Synthesis. 


By A. J. Nunn, K. SCHOFIELD, and R. S. THEOBALD. 


(A) Beckmann rearrangement of 2-nitrofluorenone oxime gave a mixture 
of 2- and 7-nitrophenanthridone. The supposed 7-nitrophenanthridone and 
4-nitro-2’-diphenamic acid of earlier workers were impure. The preparation 
of 9-methyl-7-nitrophenanthridine has been improved and it has been oxidised 
to 7-nitrophenanthridone. 1-, 3-, and 4-Nitrofluorenone have been prepared 
by Ullmann reactions, the first in very poor yield. Beckmann rearrange- 
ment of 3-nitrofluorenone oxime gave 3-nitrophenanthridone. The nitration 
products of phenanthridone are 1- and 3-nitrophenanthridone. 

(B) 1-0-Benzoylphenyl-3:3- and _ 1-(0-p’-methoxybenzoylpheny])-3 : 3- 
dimethyltriazen were decomposed by hydrogen chloride in benzene to 
give small yields of fluorenone and 3-methoxyfluorenone, together with 
larger amounts of 2-chloro- and 2-chloro-4’-methoxy-benzophenone, _1-(0-2’- 
Picolinoylphenyl)-3 : 3-dimethyltriazen is described. 


(A) For reasons indicated in section (B) we were interested in the nitrofluorenones and 
their characterisation. Scrutiny of the literature showed that although 2-, 3-, and 4-nitro- 
fluorenone, and their oximes, had been frequently described, the melting points of the 
latter were far from agreed. We therefore re-examined the nitrofluorenone oximes, and 
attempted to decide their geometrical configurations. 

2-Nitrofluorenone oxime, prepared by Moore and Huntress (J. Amer. Chem. Soc., 1927, 
49, 2618) from the ketone and hydroxylamine hydrochloride in ethanol, melted differently 
from the derivative obtained by Langecker (J. pr. Chem., 1931, 132, 145) from the same 
reagents but in the presence of barium carbonate and also by nitration and subsequent 
hydrolysis of fluorenone oxime acetate. Huntress and Cliff (ibid., 1932, 54, 826) suggested 
that the two products might be geometricalisomers. Moore and Huntress found purification 
of the oxime by crystallisation to be impossible, several solvents merely producing a 
widening of the melting range, supposedly because of Beckmann rearrangement. Such 
rearrangement by phosphorus pentachloride and oxychloride gave a chlorine-containing 
substance which, it was suggested, was an equilibrium mixture of (I) and (II; R = H, 
R’ = NO,), melting over a wide range and hydrolysable to a nitrophenanthridone, m. p. 
282—-284°. The last was said to be the 7-isomer (VII) because of its alleged identity with 
the supposed 7-nitrophenanthridone, m. p. 284—285°, obtained earlier by the same authors 
(tbid., 1927, 49, 1324). The earlier work consisted in treating 4-nitrodiphenic anhydride 
with ammonia, isolating two nitrodiphenamic acids by a difficult fractional crystallisation, 
and converting these into nitrophenanthridones by hypobromite (III —» V and VII). 
The higher-melting phenanthridone from the less-soluble diphenamic acid gave phthalic 
acid on oxidation, and was therefore 2-nitrophenanthridone (V), leaving the structure 
(VII) for the isomer. ‘‘ trans-Migration ’’ being assumed in the Beckmann rearrangement, 
these experiments pointed to the syn-configuration (VIII; R = NO,, R’ = H) for the 
oxime, m. p. 262-5—263° (decomp.). It might be mentioned at this point that the 
postulated equilibrium between (I) and (II; R = H, R’ = NO,) is rendered improbable 
by the work of Stieglitz and Peterson (Ber., 1910, 48, 782). 

2-Nitrofluorenone is not normally prepared by Ullmann’s application of the Gomberg 
synthesis (Graebe and Ullmann, Ber., 1894, 27, 3483; Ullmann and Mallet, ibid., 1898, 31, 
1694), but because of our interest in this reaction we have re-examined its formation from 
2-amino-5-nitrobenzophenone under various conditions, as described in the Experimental 
section. On re-examining 2-nitrofluorenone oxime prepared according to Moore and 
Huntress (loc. cit., p. 2618) we observed m. p. 269—270° (decomp.), but this depended on 
the rate of heating and varied in the range 255—270° (decomp.). Oximation in presence 
of barium carbonate or sodium acetate gave products indistinguishable from that formed 
under acid conditions. The fact that melting is accompanied by decomposition may 
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account for the variations previously recorded.* There was no difficulty in purifying the 
oxime by crystallisation. Its rearrangement by the method used by the earlier workers 
gave a chloro-derivative with a fairly wide melting range which was narrowed considerably 
by crystallisation, and the substance simulated the behaviour of a homogeneous chloro- 
nitrophenanthridine, particularly in giving on hydrolysis what seemed to be a nitro- 
phenanthridine, melting sharply at 286—287°. The last observation coincided with 
Moore and Huntress’s report (loc. cit., p. 2618), but the material provided phthalic acid in 
about 30% yield on oxidation and therefore could not be 7-nitrophenanthridone (VII) as 
they claimed. 

It was clearly necessary to repeat Moore and Huntress’s experiments (loc. cit., p. 1324) 
with 4-nitrodiphenic anhydride, and also to synthesise authentic 7-nitrophenanthridone. 
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Under the prescribed conditions for the reaction between 4-nitrodiphenic anhydride 
and ammonia, most of the anhydride was hydrolysed. Minor modifications enabled us to 
isolate workable amounts of 4-nitro-2-diphenamic acid (IV), but the isomer (VI) could 
not be obtained pure. We were able to prepare 2-nitrophenanthridone (V) and to confirm 
its orientation by oxidation. It was further characterised by conversion into 9-chloro-2- 
nitrophenanthridine. 

Morgan and Walls (J., 1932, 2225) prepared 9-methyl-7-nitrophenanthridine in low 
yield by cyclising 2-acetamido-4’-nitrodiphenyl with phosphorus oxychloride, and in our 
hands the recovery was impracticably small. Taking advantage of the work of Barber 
et al. (J. Soc. Chem. Ind., 1950, 69, 82), and of Petrow and Wragg (J., 1950, 3516) we raised 
the yield to 25%, using stannic chloride as the cyclising agent. 7-Nitrophenanthridone, 
m. p. 326—327°, resulted on oxidation, and was characterised by conversion into 9-chloro- 
7-nitrophenanthridine. 

These preparations of 2- and 7-nitrophenanthridone proved that the material, m. p. 
286—287°, from the rearrangement of 2-nitrofluorenone oxime, was a mixture. It could 
not be resolved by crystallisation but the derived mixed chloronitrophenanthridines were 
separable to some extent by chromatographic methods. The ratio of 9-chloro-2- to 
9-chloro-7-nitrophenanthridine in the mixture was very approximately 1:2, in rough 
agreement with the yield of phthalic acid obtained by oxidising the mixed phenanthridones. 
9-Chloro-2-nitrophenanthridine isolated chromatographically from the mixture melted 
slightly higher than the specimen from 4-nitro-2-diphenamic acid, suggesting that the 
latter had not been completely purified. It follows from these experiments that Moore and 
Huntress’s 4-nitro-2’-diphenamic acid was impure. 

2-Nitrofluorenone oxime prepared for the present work was clearly either a mixture of 
both possible geometrical configurations or, if stereochemically pure, it suffered partial 
isomerisation during the Beckmann rearrangement. An attempt to resolve the oxime 
chromatographically failed. Dipole moment measurements might be useful here. 

3-Nitrofluorenone has not previously been prepared by Ullmann’s method. In 


* Bardout, Anal. Asoc. Quim. Argentina, 1934, 22, 123, also found the m. p. to depend on the 
rate of heating. 
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attempting to clarify the confusion in the literature regarding this compound Ray and 
Barrick (J. Amer. Chem. Soc., 1948, 70, 1492) devised a new synthesis of it, and with a 
similar aim in mind we used 2-amino-4-nitrobenzophenone (Schofield and Theobald, 
J., 1950, 1505) as a source of the compound. Despite considerable experimentation even 
the best conditions encountered gave only a mediocre yield of the pure fluorenone from the 
diazotised amine. The melting point of our product agreed fairly well with that recorded 
by Ray and Barrick (loc. cit.). The melting point of the oxime, prepared under acid 
conditions, coincided with that given by Bardout (Anal. Asoc. Quim. Argentina, 1931, 19, 
117; 1934, 22, 123; we have not been able to consult these papers), but was lower than 
that recorded by Schmidt and Soll (Ber., 1908, 41, 3691) or Eckert and Langecker (J. pr. 
Chem., 1928, 118, 263) for material obtained in the same way, and also by Ray and Barrick 
(loc. cit.) who used neutral conditions. Beckmann rearrangement of our oxime gave 
3-nitrophenanthridone, as was proved by oxidation of the latter to phthalic acid and by 
its identity with material prepared according to Walls (J., 1935, 1405). The same 9-chloro- 
3-nitrophenanthridine was also obtained from both sources. It is noteworthy that our 
3-nitrophenanthridone was colourless. Walls (loc. cit.) obtained it as red needles. Our 
evidence suggests that 3-nitrofluorenone oxime, m. p. 216—217°, possesses completely or 
largely (our experiments were on the small scale) the anti-configuration (VIII; R = H, 
R’ = NO, at Cy). 

4-Nitrofluorenone has previously been obtained from 4-nitrophenanthraquinone by a 
benzilic acid change and air-oxidation of the resulting 4-nitrodiphenyleneglycollic acid 
(Schmidt and Bauer, Ber., 1905, 38, 3737). Later workers (Morgan and Thomason, 
J., 1926, 2695; Bell, J., 1928, 1990), including Courtot (Ann. Chim., 1930, 14, 5) who 
examined the method in some detail, seem to have found it satisfactory, but despite 
numerous attempts we failed to obtain suitably pure material from this route. It may be 
significant that Schmidt and Bauer (loc. cit.), who prepared the oxime from their ketone, 
described it as dark green needles, whereas it would be expected to be yellow. The ready 
availability of 2-amino-3-nitrobenzophenone (Schofield and Theobald, loc. cit.) suggested 
the application of Ullmann’s method. Conditions have been devised which yield about 
45% of 4-nitrofluorenone, and our experience suggests that this is the simplest route to the 
compound. The oxime prepared from our material under the conditions used by Schmidt 
and Bauer (loc. cit.) melted at a lower temperature than that reported by these workers, 
and was pale yellow. The Beckmann rearrangement of this oxime is being examined. 

1-Nitrofluorenone was recently described for the first time by Chase and Hey (J., 1952, 
553). Diazotisation of 2-amino-6-nitrobenzophenone gave a very poor yield of a product 
which did not depress the melting point of a specimen kindly supplied by Professor Hey. 

A feature of 2-amino-3- and 2-amino-6-nitrobenzophenone was the surprising persistence 
of their diazonium salts, which could be detected even after prolonged heating of their 
solutions. It is conceivable that reactions producing 1- or 4-substituted fluorenones there- 
from might be retarded by steric factors. However, Chardonnens and Lienert (Helv. Chim. 
Acta, 1949, 32, 2340) carried out several such reactions and evidently did not find them 
unusually slow. 

The present experiments presented an opportunity for us to identify the two mono-nitra- 
tion products of phenanthridone (Moore and Huntress, Joc. cit., p. 1324). These both gave 
phthalic acid on oxidation, and the major nitration product was identical with 3-nitro- and 
the minor with 1-nitro-phenanthridone (Stepan and Hamilton, J. Amer. Chem. Soc., 1949, 
71, 2438). The nitration of phenanthridone is therefore qualitatively similar to the case of 
acylanilides (Holleman, ‘‘ Die direkte Einfuhrung von Substituenten in den Benzolkern,”’ 
Verlag von Veit, Leipzig, 1910), as would be expected. 


(B) The above experiments were occasioned by interest in the mechanism of the 
Ullmann fluorenone synthesis (Saunders, ‘‘ The Aromatic Diazo-compounds,’’ Edward 
Arnold, London, 1949, p. 258, gives a useful summary of the reaction), a reaction normally 
effected by diazotising derivatives of 2-aminobenzophenone in acids of various concentra- 
tions. It seemed possible that in certain circumstances the cyclisation might be made 
to proceed by a free-radical mechanism, and in this form to find application to some 
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synthetic problems in heterocyclic chemistry. Although the situation with regard to the 
formally similar Pschorr phenanthrene synthesis is not entirely clarified, it has been proved 
(Hey and Osbond, J., 1949, 3164, 3172, who summarise the facts relating to the reaction) 
that in some circumstances it can proceed by intramolecular union of an aryl nucleus 
and an aryl free radical. However, DeTar and Sagmanli (J. Amer. Chem. Soc., 1950, 72, 
965) have collected evidence which suggests that under normal conditions the Ullmann 
fluorenone synthesis involves ionic intermediates (IX —-~~ X —> XI). The decompos- 
ition of diazotised 2-aminobenzophenone under alkaline conditions gave no fluorenone, and 
in the presence of benzene 2-benzoyldiphenyl was formed. They concluded that the failure 
of the diazonium salt to undergo an internal Gomberg—Bachmann reaction, whilst it under- 
went an ordinary Gomberg—Bachmann reaction with benzene, indicated that a free-radical 
mechanism could not account for the formation of fluorenone. 
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We proposed to approach this problem through nitro-derivatives of 2-aminobenzo- 
phenone containing the nitro- and the amino-group in different rings, but, because of the 
need to carry out the experiments recorded in section (A), have so far examined 
only 2-amino- and 2-amino-4’-methoxy-benzophenone, both of which have been used 
previously in normal Ullmann—Gomberg reactions (Graebe and Ullmann, loc. cit.; Ullmann 
and Bleier, Ber., 1902, 35, 4273). It is now generally agreed that 1-aryl-3 : 3-dimethyl- 
triazens decompose to give free radicals when treated with hydrogen chloride in benzene 
(Elks and Hey, J., 1943, 441). Accordingly, we prepared the triazens (XII; R = H and 
OMe). These stable crystalline solids, on decomposition as mentioned, gave mainly 
2-chlorobenzophenone and its 4’-methoxy-derivative, but also, though in small yield, 
fluorenone and 3-methoxyfluorenone. Decomposition of the triazen from 2-0-amino- 
benzoylpyridine (Nunn and Schofield, J., 1952, 583) has so far failed to yield a recognisable 
product. 

If it is accepted that the present decompositions produce free radicals we conclude that 
the Ullmann fluorenone synthesis can proceed by a free-radical mechanism, though it may 
not do so under the conditions normally used. We are attempting to apply the above 
findings to syntheses in the heterocyclic field. 


EXPERIMENTAL 


M. p.s are uncorrected. 

Ulimann—Gomberg Reactions with 2-Amino-5-nitrobenzophenone.—Ullmann and Mallet 
(loc. cit.) mention the use of 25% sulphuric acid in this reaction. Unsatisfactory results which 
we obtained under these conditions prompted the following experiments: (a) The amine (3 g.) 
in concentrated sulphuric acid (30 c.c.) was treated with powdered sodium nitrite (1 g.) during 
} hour at —5°to0°. The solution was heated at 95° for 2 hours, then diluted with water (60 c.c.), 
and the product collected. Recrystallisation from alcohol gave 2-nitrofluorenone (1-7 g.; m. p. 
220—221°) and 2-hydroxy-5-nitrobenzophenone (0-4 g.; m. p. 119—121°). 

(b) The amine (3 g.) was treated in sulphuric acid (85% ; 33 c.c.) with sodium nitrite (0-82 g.) 
in the concentrated acid (3 c.c.) at room temperature, and then heated for 2 hours at 95°, giving 
the fluorenone (1-58 g.) and the hydroxy-compound (0-48 g.). 

(c) The amine (1 g.) in concentrated sulphuric acid (10 c.c.) was diazotised at 0° with 
powdered sodium nitrite. Addition of ice-water (10 c.c.) and copper powder (0-33 g.) gave a 
yellow precipitate and caused vigorous effervescence. After being heated for } hour at 90° the 
mixture provided the fluorenone (0-42 g.) and the hydroxy-compound (0°17 g.). 

2-Nitrofluorenone Oxime and its Rearrangement.—Prepared according to Moore and Huntress 
(loc. cit., p. 2618) the oxime was a pale, matte yellow solid, m. p. 269—270° (decomp.) on rapid 
heating, or in the range 255—-270° when heated at different rates. It could be crystallised from 
acetic acid or digested with boiling alcohol without deterioration. Langecker (loc. cit.) gave 
m. p. 249° (decomp.), and Moore and Huntress 262-5—263° [269—270° (corr.) (decomp.)]. 
Modification of the preparative conditions by the addition of 1 equivalent or excess of barium 
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carbonate or sodium acetate gave products showing the characteristics mentioned above. 
A sample of the oxime collected in numerous fractions after passage in benzene—pyridine over 
alumina showed no sign of separation into components, the m. p.s of the fractions varying by 
a few degrees in an irregular manner. 

The oxime (1 g.), phosphorus pentachloride (1-5 g.), and phosphorus oxychloride (8 c.c.) were 
refluxed for 6 hours. The mixture was poured on ice, neutralised with sodium acetate, and 
extracted with chloroform. Removal of the solvent after drying (Na,CO,) gave a pale yellow 
solid (0-87 g.), which after crystallisation from benzene gave small buff leaflets (0-53 g.), m. p. 
171—173° (Found: C, 60-3; H, 2:7; Cl, 13-7%). More frequently the crystallised material 
melted over a range (169—174°). The crude product (1-45 g.; m. p. 131—176°) of such a 
rearrangement, in benzene (100 c.c.), was passed over alumina (40 x 2-5cm.). The upper deep 
yellow, and the lower pale yellow band, when eluted with benzene and collected in 70-c.c. 
portions gave the following fractions [number, weight (g.), m. p.]: 1, 0-3, 175—176°; 2, 0-21, 
176—177°; 3, 0-03, 157—170°; 4, 0-06, 200—202°; 5, 0-11, 205—206°; 6, 0-1, 200—201° (1—6 
were colourless); 7, 0-12, 173—182° (cream-coloured); 8, 0-08, 172—182° (yellow); 9, 0-07, 
194—203° (yellow); 10, 0-07, 195—204°; 11, 0-03, 202—210°; 12, 0-03, 211—214°; 13, 0-02, 
211—214°; 14, 0-03, 212—214°; 15, 0-03, 211—214°; 16, 0-02, 202—211°; 17, 0-02, 214—215°; 
18, 0-05, 213—215°; 19, 0-03, 214—215°; 20, 0-03, 210—214° (10—20 were yellow). Fraction 6 
depressed the m. p. (204—205°, see below) of 9-chloro-2- but not of 9-chloro-7-nitrophen- 
anthridine (m. p. 204—205°, see below). Fraction 17 behaved in the opposite way. Old 
specimens of the oxime gave similar results. 

The reaction mixture from a further rearrangement of the oxime (3 g.) was concentrated 
under reduced pressure and the residual gum was boiled for 14 hours with sulphuric acid (50% ; 
100 c.c.). After dilution the yellow product (2-86 g.) was collected and had m. p. 286—287° 
on crystallisation from acetic acid. Oxidation of this substance (1 g.) with permanganate 
according to Moore and Huntress (loc. cit., p. 1324) gave crude phthalic acid (0-23 g.) melting, 
after crystallisation from water, at 195—196° alone or mixed with an authentic specimen. 

4-Nitro-2-diphenamic Acid.—(a) 4-Nitrodiphenic acid was prepared by a modification of 
Moore and Huntress’s method (loc. cit., p. 1324): 2-nitrophenanthraquinone (see below) (20 g.) 
in concentrated sulphuric acid (60 c.c.) was added dropwise to vigorously stirred water (200 c.c.), 
more of the acid (30 c.c.) being used as a washing liquid. Potassium dichromate (80 g.) in hot 
water (800 c.c.) was added, and the mixture was stirred and refluxed for 5 hours. The hot 
solution was filtered from yellow material in suspension (8-35 g.) and on cooling deposited pure 
4-nitrodiphenic acid (12-1 g.), m. p. 216—217°. The yellow solid was dissolved in sodium 
hydrogen carbonate solution, filtered from unchanged quinone, and precipitated by sulphuric 
acid, giving more of the product (7-7 g.; m. p. 216—217°). It was convenient to combine the 
impure crops from several such runs and purify them together. 

(b) A suspension of 4-nitrodiphenic anhydride (13-2 g.; Moore and Huntress, loc. cit., p. 2618), 
in dry benzene (100 c.c.) was treated dropwise at 0—5° with aqueous ammonia (d 0-88; 53 c.c.), 
whilst being vigorously shaken. After $ hour at 0° the mixture was filtered, and the aqueous 
layer was separated and combined with the precipitate. The mixture was diluted with water 
(100 c.c.), stirred, and filtered. Addition of acetic acid (50 c.c.) to the filtrate, and then 
concentrated hydrochloric acid whilst cooling, gave a doughy solid which became granular and 
was dried at 110°. The solution of this product (9-8 g.) in hot alcohol (50 c.c.) was filtered, 
seeded with 4-nitro-2-diphenamic acid, and cooled in ice. The product was collected after 
2 hours and a further 1} hours, giving slightly impure 4-nitro-2-diphenamic acid (2-0 g.), m. p. 
192—-195°. Further crops were much less pure and could not be improved by crystallisation. 

2-Nitrophenanthridone.—By Moore and Huntress’s method (loc. cit., p. 1324) the above acid 
(1-5 g.) gave crude 2-nitrophenanthridone (0-93 g.; m. p. 339—343°), which on crystallisation 
from acetic acid gave yellow needles, m. p. 357—358° (Found: C, 65-0; H, 3-4. Calc. for 
C,3;H,O3,N,: C, 65-0; H, 3-4%). Moore and Huntress gave m. p. 348-5—-349°. A mixture of 
2- and 7-nitrophenanthridone (m. p. 326—327°, see below) melted at 283—284°. 

9-Chloro-2-nitrophenanthridine.—Prepared in the same way as the 7-nitro-compound (see 
below), slightly impure 9-chloro-2-nitrophenanthridine separated from benzene as yellow needles, 
m. p. 204—205° (Found: C, 60-75; H, 3-0. C,;H,O,N,Cl requires C, 60-35; H, 2-7%), alone 
and with the pure material (m. p. 214—215°) isolated chromatographically from the rearrange- 
ment product of 2-nitrofluorenone oxime. A mixture of this impure 9-chloro-2- (m. p. 204— 
205°) with 9-chloro-7-nitrophenanthridine (m. p. 204—205°, see below) melted at 164—205°. 

9-Methyl-7-nitrophenanthridine.—2-Acetamido-4’-nitrodiphenyl (5 g.; Scarborough and 
Waters, j., 1927, 96), phosphorus oxychloride (12 c.c.), and stannic chloride (3 c.c.) were 
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refluxed for 4 hours and the solution was concentrated under reduced pressure. The fawn- 
coloured solid was shaken with sodium hydroxide solution (2N; 300 c.c.) and extracted with 
chloroform. Concentration of the dried extract (K,CO,) afforded pale yellow needles (1-0 g.; 
m. p. 242—243°) (Found: C, 71-3; H, 4-2. Calc. for C,,H,,O,N,: C, 70-6; H, 4-2%) anda 
less pure second crop (0-2 g., m. p. 234—236°). Morgan and Walls (loc. cit.) gave m. p. 243— 
245°. 

7-Nitrophenanthridone.—9-Methyl-7-nitrophenanthridine (1 g.), sodium dichromate (2-44 g.), 
and acetic acid (20 c.c.) were refluxed for 2 hours, and the product was precipitated by water. 
Crystallisation from acetic acid gave pale yellow needles (0-85 g.) of 7-nitrophenanthridone, m. p. 
326—327° (Found: C, 65-3; H, 40%). 

9-Chloro-7-nitrophenanthridine.—7-Nitrophenanthridone (0-3 g.), phosphorus pentachloride 
(0-2 g.), and phosphorus oxychloride (2 c.c.) were refluxed for 6 hours. The solution was poured 
on ice, neutralised with sodium acetate, and extracted with chloroform. The dried (Na,CO,) 
extract yielded 9-chloro-7-nitrophenanthridine (0-27 g.), which crystallised from benzene as 
colourless needles, m. p. 204—205° (Found: C, 60-7; H, 32%), alone or mixed with material 
obtained chromatographically from the rearrangement product of 2-nitrofluorenone oxime. 

3-Nitrofluorenone.—2-Amino-4-nitrobenzophenone (1-5 g.; Schofield and Theobald, Joc. cit.) 
in concentrated sulphuric acid (10 c.c.) was diazotised at 0° with powdered sodium nitrite 
(0-5 g.), and the solution was poured on a mixture of ice, excess of sodium acetate, and copper 
powder (0-5 g.). The temperature was slowly raised to 50° and kept there for } hour, and the 
collected product was then washed with water and extracted with acetone. The extract yielded 
crude 3-nitrofluorenone (1-3 g.), which gave small pale yellow needles, m. p. 232—-233° (Found : 
C, 69-3; H, 3-1. Calc. for C,,H,O,N : C, 69-3; H, 3-1%), from acetic acid. Ray and Barrick 
(loc. cit.) gave m. p. 235—236°. 

3-Nitrofluorenone Oxime and its Rearrangement.—3-Nitrofluorenone (0-1 g.) and hydroxyl- 
amine hydrochloride (0-06 g.) were heated under reflux for 2 hours in ethanol (20 c.c.). 
Concentration of the solution gave the oxime (0-08 g.), which formed very fine pale yellow 
needles, m. p. 216—217° (Found: C, 65-7; H, 3-6%), from dilute alcohol. Schmidt and Soll, 
and Eckert and Langecker (/occ. cit.), gave m. p. 240°. Bardout (locc. cit.) records m. p. 217° 
[221° (corr.)], whilst Ray and Barrick (loc. cit.) claim m. p. 224—225°, and Scheer (Thesis, 
Univ. Cincinnati, 1942) m. p. 214°. 

The oxime (0-08 g.), rearranged as described for the 2-isomer, gave crude 3-nitrophen- 
anthridone (0-07 g.), which when crystallised from acetic acid gave small colourless needles, 
m. p. >340°. Walls (loc. cit.) obtained this compound as minute red needles, m. p. >350°. 
Oxidation of our product (0-05 g.) in the usual way gave phthalic acid (0-02 g.), m. p. 198—200°. 
The same 9-chloro-3-nitrophenanthridine was obtained by standard methods from material 
prepared in the present manner and also according to Walls. It formed almost colourless 
needles, m. p. 253—254° (Found: C, 60-4; H, 2.6%), from benzene-ligroin (b. p. 60—80°). 

Diazotisation of 2-Amino-6-nitrobenzophenone.—The amine (0-5 g.; Schofield and Theobald, 
loc. cit.) in sulphuric acid (85%; 6 c.c.) was diazotised at room temperature with powdered 
sodium nitrite (0-2 g.), and the solution was then heated at 95° for 3 days. The precipitate 
(0-32 g.) formed on addition of water was dried and passed in benzene over alumina 
(23 x 1-4cm.). The two yellow bands produced were both adsorbed very strongly. Elution 
with benzene-—pyridine (1 : 1) gave a pale yellow solid (0-03 g.), m. p. 186—187°, alone or mixed 
with 1-nitrofluorenone (m. p. 188—189°; Chase and Hey, loc. cit.). 

4-Nitrofluorenone.—(a) For experiments using the method of Schmidt and Bauer (loc. cit.) 
2- (58%) and 4-nitrophenanthraquinone (26%) were obtained by nitrating phenanthraquinone 
according to Courtot (loc. cit.), who obtained yields of 61 and 20% respectively. The conversion 
of 4-nitrophenanthraquinone into 4-nitrofluorenone proceeded with good yields at each stage, 
but the m. p. of the ketone could not be raised above 167—168° and the compound was frequently 
discoloured green. Analyses were unsatisfactory. The by-product of the reaction described by 
Schmidt and Bauer was encountered, and the degree of concentration effected during the air- 
oxidation may be critical. 

(6) 2-Amino-3-nitrobenzopherone (2-5 g.; Schofield and Theobald, Joc. cit.) was diazotised 
and the solution was heated as described for 2-amino-6-nitrobenzophenone. Dilution with 
water (to 250 c.c.) gave a precipitate (2-1 g.) which was boiled with benzene (100 c.c.) and 
filtered from insoluble material (0-52 g.). Passage of the benzene solution over alumina 
(40 x 2cm.) caused separation into a lower pale yellow and an upper dark yellow band. Elution 
with benzene provided first 4-nitrofluorenone (1-1 g.), m. p. 174—175°, which formed yellow 
needles (Found: C, 70-0; H, 3-7; N, 6-1. Calc. for C,,H,O,N: C, 69-3; H, 3-1; N, 6-2%). 
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Next came a solid (0-16 g.), m. p. 163—169°, then a product (0-05 g.), m. p. 195—197°, and 
finally a mixture (0-13 g.), m. p. 166—197°. The product, m. p. 195—197°, when i 
from benzene-ligroin (b. p. 60—80°), formed small yellow needles, m. p. 218—219°, which, 
though not examined further, was presumably the hydroxy-nitrobenzophenone. 
4-Nitrofluorenone (1-1 g.), hydroxylamine hydrochloride (0-6 g.), water (3 c.c.), and ethanol 
(40 c.c.) were refluxed for 5 hours. Concentration of the solution gave the oxime (1-6 g.), which 
formed pale yellow needles, m. p. 209—210° (Found : C, 65:2; H, 3-4%), from alcohol. Schmidt 
and Bauer (loc. cit.) described the compound as dark green needles, m. p. 255—256° (decomp.). 

Nitration of Phenanthridone.—Under the conditions of Moore and Huntress (loc. cit., p. 1324) 
phenanthridone (5 g.) provided 5-53 g. of mixed nitrophenanthridones. Soxhlet-extraction with 
alcohol left a residue of almost pure 3-nitrophenanthridone (3-8 g.; m. p. >330°), whilst the 
extract, once-crystallised (acetic acid), furnished 1-nitrophenanthridone (0-75 g.), m. p. 251—253°, 
alone or mixed with an authentic specimen (Stepan and Hamilton, loc. cit.). Each of the isomers 
provided phthalic acid when oxidised with permanganate. 9-Chloro-3-nitrophenanthridine, 
m. p. 253—254° (Found : C, 60-4; H, 26%), prepared from the high-melting nitration product 
was identical with specimens prepared from 3-nitrofluorenone oxime and 9-methyl-3-nitro- 
phenanthridine as above. Similarly, 9-chlovo-1-nitrophenanthridine, which crystallised from 
benzene-ligroin (b. p. 60—80°) in pale yellow leaflets, m. p. 178—179° (Found: C, 60-7; H, 
2-9%), was obtained both from the minor nitration product, and also from Stepan and 
Hamilton’s 1-nitrophenanthridone. 

1-0-Benzoylphenyl-3 : 3-dimethyltriazen.—2-Aminobenzophenone (5 g.) in hydrochloric acid 
(5N; 80 c.c.) was diazotised at 0° with aqueous sodium nitrite (10%). The ice-cold filtered 
solution was added dropwise during } hour to a stirred mixture of sodium carbonate (75 g.), 
water (250 c.c.), and aqueous dimethylamine (25%; 5 c.c.) at 0°. After being stirred at this 
temperature for 1 hour the suspension was left overnight at room temperature, and the product 
(5-6 g.; m. p. 74—75°) crystallised from aqueous alcohol. The ériazen formed small fawn- 
coloured prisms, m. p. 76—77° (Found: C, 71-1; H, 5-9; N, 16-4. C,,;H,,ON, requires C, 
71-1; H, 6-0; N, 16-6%). 

A boiling solution of the triazen (10-8 g.) in dry benzene (200 c.c.) was treated with hydrogen 
chloride for } hour. The benzene layer was decanted and the residual red gum was shaken with 
sodium hydroxide solution and extracted with benzene. The benzene solution was washed with 
aqueous sodium hydroxide, dried (Na,SO,), and passed over alumina (40 x 2 cm.), yielding 
2-chlorobenzophenone (3-4 g.; b. p. 188—192°/13 mm.) and fluorenone (0-4 g.), m. p. 81—82° 
(yellow needles from alcohol), as well as impure fractions. 

1-(0-p’-Methoxybenzoylphenyl)-3 : 3-dimethyliriazen.—By the above method 2-amino-4’- 
methoxybenzophenone (5 g.) gave the triazen (5-3 g.). Crystallisation from aqueous methanol 
provided cream-coloured needles, m. p. 73—74° (Found : C, 67-8; H, 6-1; N, 14-9. C,,H,,O,N, 
requires C, 67-8; H, 6-05; N, 14-9%). 

The triazen (13-5 g.) was decomposed as above. Removal of the benzene from the dried 
extract and distillation of the residue (7-5 g.) gave a yellow oil (6-4 g.), b. p. 220—230°/15 mm. 
A portion of this (3-2 g.) was chromatographed in benzene as before. Crystallisation from 
ligroin (b. p. 60—80°) of the first product obtained on elution gave white needles (1-3 g.) of 
2-chloro-4’-methoxybenzophenone, m. p. 79—80° (Found: C, 67-8; H, 4-8. Calc. for 
C,,H,,0,Cl: C, 68-2; H, 45%). Unger (Annalen, 1933, 504, 285) gave m. p. 84-5°. Inter- 
mediate fractions formed yellow oils, but finally there was obtained 3-methoxyfluorenone 
(0-3 g.), which crystallised from benzene-ligroin as yellow needles, m. p. 98—99° (Found: C, 
79-7; H, 4-9. Calc. for C,,H,,O,: C, 80-0; H, 48%). Ullmann and Bleier (loc. cit.) give 
m. p. 99°. 

1-(0-2’-Picolinoylphenyl)-3 : 3-dimethyliriazen.—In the usual way 2-0-aminobenzoylpyridine 
(6 g.) gave the triazen (7-3 g.), which formed fawn-coloured needles, m. p. 116—117° (Found : 
C, 65-7; H, 6-0; N, 22-6. C,,H,,ON, requires C, 66-1; H, 5-55; N, 22-0%), from aqueous 
alcohol. 


The authors are indebted to the Council of University College, Exeter, for financial support, 
and to the Department of Scientific and Industrial Research for a maintenance grant to one of 
them (R. S. T.). 
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529. Insecticidal Activity and Chemical Constitution. Part III.* 
A New Synthetic Route to Methyl Analogues of DDT. 


By E. JoHN SKERRETT and D. Woopcock. 


The DDT isosteres [(p-C,H,R),CHBu'; R = Cl or Me] reported 
earlier have been shown to contain the corresponding butenes [(p- 
C,H,R),CMe*CMe:CH,; R= Cl or Me]. New unambiguous syntheses are 
described and the negligible contact insecticidal activity of these compounds 
against Calandra granaria is confirmed. The rearrangement of the alcohols by 
acids is discussed and a carbonium-ion mechanism is suggested. 


A NUMBER of compounds, including (III; R = Cl or Me), which are isosteric with DDT 
(Part II * of this series), were completely ineffective as contact insecticides against the 
grain weevil Calandra granaria L. In view of the considerable activity against various 
insect species reported for the compound (III; R = OMe) (Brown and Rogers, J. Amer. 
Chem. Soc., 1950, 72, 1864) it was decided to examine the possibility of rearrangement 
having occurred during the reduction of the alcohols (I; R = Cl or Me) by ethyl-alcoholic 
hydrogen chloride and amalgamated zinc. 


(p-C,H,R),C(OH)-CMe, (p-C,H,R),CMe-CMe:CH, (f-C,H,R),CH-CMe, (p-C,H,R),CMe-CMe,R’ 
(I) (II) (III) (IV) 


The ready rearrangement of 2 : 2-dimethyl-1 : 1-diphenylpropan-l-ol (I; R = H) and 
elimination of water under the influence of acidic reagents to form the butene (II; R = H) 
has been described by various workers (Schlenk and Racky, Annalen, 1912, 394, 212; 
Ramart-Lucas, Ann. Chim. Phys., 1913, 30, 390; Compt. rend., 1912, 154, 1088; Bateman 
and Marvel, J. Amer. Chem. Soc., 1927, 49, 2917). We have confirmed that the rearrange- 
ment is brought about by toluene-p-sulphonic acid (Bateman and Marvel, Joc. cit.) and 
have shown that hot ethyl-alcoholic hydrogen chloride is similarly effective. With the 
dichloro-alcohol (I; R = Cl) the latter treatment also caused loss of the elements of water, 
to form 3 : 3-di-p-chlorophenyl-2-methylbut-l-ene (II; R = Cl), though at 0° the action 
of dry ethyl-alcoholic hydrogen chloride was to form the chloro-compound (IV; 
R = R’ = Cl) (cf. Schlenk and Racky, Joc. cit.). It seemed highly probable, therefore, 
that the reduction procedure previously described for (I) (Skerrett and Woodcock, loc. cit.) 
would cause rearrangement. Re-examination of the product believed to be (III; R = Cl) 
showed it to contain some of the butene (II; R = Cl), since 2: 2-di-p-chlorophenyl-3- 
methylbutane (IV; R= Cl, R’ = H) was isolated after hydrogenation in presence of 
Raney nickel. Its formation can be explained by assuming a reactive intermediate of 
carbonium-ion type (cf. Lucas, J. Amer. Chem. Soc., 1930, 52, 802; Brown and Fletcher, 
ibid., 1949, 71, 1845); this can undergo rearrangement to the butene (II) or reduction to 
the hydrocarbon (III), and the extent to which the latter proceeds will depend on the 
stability of the carbonium ion. In the case of the unsubstituted alcohol (I; R = H) 
rearrangement was complete even in the presence of nascent hydrogen, whereas with the 
dichloro-alcohol (I; R = Cl) reduction to the hydrocarbon (III; R = Cl) predominated, 
presumably owing to the stabilising influence of the p-chlorine atoms on the carbonium ion. 

It is interesting that no rearrangement of the tertiary alcohol (IV; R = Cl, R’ = OH) 
was observed in refluxing ethyl-alcoholic hydrogen chloride, but in the presence of 
amalgamated zinc some reduction to the hydrocarbon took place. 

For an unambiguous synthesis of (III; R= Cl), the alcohol(I; R= H) was hydrogen- 
ated to the hydrocarbon (III; R = H) under pressure, in presence of copper chromite. 
Fuming nitric acid at —15° then afforded the dinitro-derivative (III; R = NQ,) which led 
to the diamine (III; R = NH,), whence a Sandmeyer reaction gave 1 : 1-di-p-chlorophenyl- 
2: 2-dimethylpropane (III; R= Cl), m. p. 82°; the failure of the earlier product to 
crystallise was probably due to the presence of the liquid butene. 

Similarly, the compound (III; R = Me) (Skerrett and Woodcock, Joc. cit.) was likely 


* Part II, J., 1950, 2718. 
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to have contained considerable amounts of the butene (II; R = Me). Hydrogenation of 
(I; R = Me) gave the compound (III; R = Me) as a liquid. 

Both the pure DDT isosteres (III; R = Cl and Me) have been tested for contact 
insecticidal potency against Calandra granaria and found to possess negligible activity. 
This further strengthens the view that the toxicity of DDT is not due to its structural 
tesemblance to some insect metabolite (Skerrett, Stringer, and Woodcock, Biochem. J., 
1951, 49, xxviii). 

EXPERIMENTAL 


M. p.s are uncorrected. Microanalyses (C and H) are by Drs. Weiler and Strauss, Oxford. 

2: 2-Dimethyl-1 : 1-diphenylpropan-l-ol (I; R = H).—A solution of methyl pivalate 
{12 ml., supplied through the courtesy of the Director, Chemical Research Laboratory, 
Teddington) in anhydrous ether (25 ml.) was added to an ice-cooled solution of phenyl- 
magnesium bromide [from bromobenzene (22 ml.) and magnesium turnings (4-9 g.)] in ether 
(100 ml.). The mixture was not refluxed owing to the possibility of rearrangement but was 
kept at room temperature for 3 days, then cooled in ice and decomposed by 2n-sulphuric acid. 
The ethereal layer was washed successively with water, 1% sodium hydrogen sulphite and 
saturated sodium hydrogen carbonate solutions, dried (Na,SO,), and freed from solvent. 
Distillation of the residue gave a fore-run (2-5 g.), b. p. <110°/0-3 mm., and then the required 
alcohol (16-9 g., 65%), b. p. 140—142°/0-3 mm., n? 15750. Bateman and Marvel (loc. cit.) 
give b. p. 148—150°/2-5 mm., n?? 1-5748. 

2: 2-Dimethyl-1 : 1-diphenylpropane (III; R = H).—The above alcohol (10-6 g.) was 
hydrogenated in ethyl alcohol (50 ml.) in the presence of copper chromite (2-0 g.) at 
200°/150 atm. for 10 hours. The cooled solution was filtered and, after removal of the solvent, 
distillation of the residue gave the Aydrocarbon (9-8 g., 99%), b. p. 128—132°/0-4 mm., which 
rapidly solidified. It crystallised from methyl alcohol in monoclinic prisms, m. p. 55—56° 
(Found : C, 90-9; H, 9-0. C,,H,» requires C, 91-0; H, 9-0%). 

Refluxing the alcohol (1-1 g.) in ethyl alcohol for 2 hours with zinc amalgam in the presence 
of dry gaseous hydrogen chloride gave a mixture (0-7 g.), b. p. 90—94°/0-2 mm., n§, 1-5719 (Found: 
C, 91:1; H, 8-6. Calc. for C,,H,,: C, 91-8; H, 8-2. Calc. for C,,H,.: C, 91-0; H, 9-0%), of 
the propane (III; R = H) and the butene (II; R =H). Presence of the latter was shown by 
hydrogenation (Raney nickel) and nitration (fuming nitric acid in acetic acid at —20°). The 
nitro-derivative crystallised from acetone-ethyl alcohol in nacreous plates, m. p. 171—172° 
alone or mixed with an authentic specimen (following paper). 

2: 2-Dimethyl-1 : 1-di-p-nitrophenylpropane (III; R = NO,).—A solution of the hydro- 
carbon (III; R = H) (6-3 g.) in acetic acid (16 ml.) was added dropwise during 0-75 hour to 
vigorously stirred fuming nitric acid (41 ml.) at —15°. The mixture was allowed to warm to 
+3° in 1-5 hours and then poured into water. The precipitated solid was extracted with 
chloroform, and the extract washed with water, followed by saturated sodium hydrogen carbonate 
solution, and dried (CaCl,).. After removal of the solvent the dinitro-compound crystallised 
from acetone-ethyl alcohol in fine yellow needles (5-8 g., 66%), m. p. 149-5—150° (Found: C, 
64-98; H, 5:8. C,,H,,0,N, requires C, 64-94; H, 5-8%). 

1 : 1-Di-p-aminophenyl-2 : 2-dimethylpropane (II1; R = NH,).—The foregoing compound 
(4-9 g.) was hydrogenated in dioxan (50 ml.) in the presence of Raney nickel at room temperature 
and pressure. The solvent was removed from the filtered solution by distillation under reduced 
pressure and the diamine (4-0 g.) crystallised from aqueous methyl] alcohol in rhombic prisms, 
m. p. 141—142° (Found: C, 80-2; H, 8-8. C,,H,.N, requires C, 80-3; H, 87%). The 
diacetyl derivative crystallised from methyl alcohol in sheaves of fine prisms, m. p. 167—168° 
(Found: C, 74-5; H, 7-7. C,,H,,0,N, requires C, 74-5; H, 7-7%). 

1 : 1-Di-p-chlorophenyl-2 : 2-dimethylpropane (III; R = Cl).—The diamine (III; R = NH,) 
(4-0 g.) was suspended in 2N-hydrochloric acid (42 ml.) and stirred at 2—4° during the addition 
of sodium nitrite (2-5 g.) in water (7-5 ml.) in 10 minutes. Excess of nitrous acid was removed 
by urea, and the diazonium chloride solution was then added rapidly (5 minutes) to a vigorously 
stirred boiling solution of cuprous chloride (32 g.) in concentrated hydrochloric acid (70 ml.). 
The mixture was poured into brine to prevent precipitation of insoluble copper salts, the organic 
material extracted with ether, and the extract washed with dilute sodium hydroxide solution 
and then water, and dried (Na,SO,). Distillation gave the chloro-compound (2-9 g., 63%), 
b. p. 150°/1-5 mm., which slowly solidified and crystallised from methyl alcohol in rosettes of 
slender prisms, m. p. 81—82° (Found: C, 69-6; H, 6-2; Cl, 24-2. C,,H,,Cl, requires C, 69-6; 
H, 6-1; Cl, 24:2%). The orientation of the chlorine atoms was confirmed by oxidation of the 
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product with chromium trioxide in glacial acetic acid, which gave 4: 4’-dichlorobenzo- 
phenone, m. p. 144—145°, undepressed on admixture with an authentic specimen. 

2-Methyl-3 : 3-diphenylbut-l-ene (II; R = H).—A solution of the alcohol (I; R = H) 
(1-7 g.) in ethyl alcohol (10 ml.) was refluxed for 3 hours during the passage of dry gaseous 
hydrogen chloride. After addition of water the product was extracted with ether, and the 
extract washed with sodium hydrogen carbonate solution and dried. Distillation gave a 
mobile liquid (1-35 g.), b. p. 110—112°/0-7 mm., n? 1-5730 (Found: C, 91-8; H, 8-0. Calc. for 
C,,H,,: C, 91-8; H, 82%). Bateman and Marvel (loc. cit.) give b. p. 132—135°/4-5 mm. and 
n?) 1-5730. 

3 : 3-Di-p-chlorophenyl-2-methylbut-l-ene (II; R = Cl).—(a) The chloro-alcohol (I; R = Cl) 
(Part I1) (2-0 g.) was treated as described above for the unsubstituted alcohol. The chloro- 
butene, was a viscous liquid (1-5 g.), b. p. 158—162°/0-8 mm. (Found: Cl, 24-8. C,,H,,Cl, 
requires Cl, 24-4%). 

(b) The chloro-alcohol (I; R = Cl) (1-2 g.) was heated with toluene-p-sulphonic acid (0-3 g.) 
at 150—160° for 9 hours. The product (0-8 g.), isolated with ether, was a liquid, b. p. 150— 
160°/0-8 mm. (Found : Cl, 23-9%). 

2 : 2-Di-p-chlorophenyl-3-methylbutane (IV; R = Cl, R’ = H).—An alcoholic solution of the 
product from (a) or (b) (1-5 g.) was hydrogenated at room temperature and pressure in the 
presence of Raney nickel. Absorption of the theoretical amount of hydrogen was rapid and, 
after removal of the solvent from the filtered solution, the residue was distilled. The product 
crystallised from ethyl alcohol in aggregates of stout prisms (1-3 g.), m. p. 121—122° alone or 
mixed with each other or with an authentic specimen (following paper). 

3-Chloro-2 : 2-di-p-chlorophenyl-3-methylbutane (IV; R= R’ = Cl).—A solution of the 
alcohol (I; R = Cl) (4-0 g.) in absolute ethyl alcohol was saturated at 0° with dry gaseous 
hydrogen chloride and kept overnight at the same temperature. After decantation from the 
sticky material which had been formed, the solution deposited crystals during 2 days at room 
temperature. This product crystallised from ethyl alcohol in rhombic prisms, m. p. 130—132° 
(decomp.) (Found : C, 62-6; H, 5-1; Cl, 31-5. C,,H,,Cl, requires C, 62-3; H, 5-2; Cl, 32-5%). 

2 : 2-Dimethyl-1 : 1-di-p-tolylpropane (II1; R = Me).—A solution of 2: 2-dimethyl-1 : 1-di- 
p-tolylpropan-l-ol (I; R = Me) (2-3 g.) in ethyl alcohol (25 ml.) was hydrogenated for 10 hours 
at 200°/160 atm. in the presence of copper chromite (0-5 g.). The solvent was removed from the 
filtered solution, and the residue dissolved in ether, washed successively with 2N-hydrochloric 
acid (to remove ether-soluble metallic complexes), water, and saturated sodium hydrogen 
carbonate solution, and dried. Distillation gave the hydrocarbon (1-9 g.), b. p. 138°/4-2 mm., 
n> 1-5510 (Found : C, 90-3; H, 97. C,H, requires C, 90-5; H, 9-5%). 


The authors thank Professor W. Baker, F.R.S., for making available certain laboratory 
facilities, and Mr. A. Stringer for the insecticidal testing. One of them (E. J. S.) is indebted to 
the Bristol Education Committee for a Scholarship. 
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Synthesis of 2: 2-Di-p-chlorophenyl-3-methylbutane. 
By E. JOHN SKERRETT and D. Woopcock. 


A route to substituted 3-methyl-2 : 2-diphenylbutanes of type (I) has 
been developed. The structure of 2: 2-di-p-chlorophenyl-3-methylbutane 
(I; R= Cl, R’ =H) obtained in earlier work has been confirmed by 
comparison with the new synthetic material. 


THE necessity for an unambiguous synthesis of (I; R = Cl, R’ = H) arose from experi- 
ments described in the preceding paper. Initial attempts to achieve the aa-substituted 
propionic acid (II) involved C-methylation of the corresponding acetic acid derivatives. 
Various workers have reported the formation of a sodio-derivative of methyl or ethyl 
diphenylacetate (e.g., Schlenk, Hillemann, and Rodloff, Annalen, 1931, 487, 142; Stau- 


* Part III, preceding paper. 
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dinger and Meyer, Helv. Chim. Acta, 1922, 5, 669) but we were unable to demonstrate 
this for methyl or ethyl di-f-chlorophenylacetate. Methylation of di-p-chlorophenyl- 
acetonitrile (cf. Klingemann, Amnalen, 1893, 275, 85; Neure, ibid., 1889, 250, 143) was 
likewise unsuccessful. Finally methyl aa-di-p-nitrophenylpropionate (II; R = NO,, 
R’ = Me) was obtained by treating a solution of the corresponding acetate in boiling 


(p-C,H,R),CMe-CMe,R’ (p-C,H,R),CMe-CO,R’ (p-C,H,R),CMe-CMe:CH, 
(I) (II) (IIT) 


dioxan with excess of methyl iodide and sodium methoxide (cf. von Richter, Ber., 1888, 
21, 2470). Purification of the product was tedious, however, and it was soon found more 
convenient to proceed to this compound via methyl a«-diphenylpropionate (II; R = H, 
R’ = Me). 

Whilst ««-diphenylpropionic acid (II; R = R’ = H) could be obtained in moderate 
yield, if somewhat erratically, by condensing pyruvic acid with benzene (Béttinger, Ber., 
1881, 14, 1595), in the ~-chloro-series the only product isolated was «-p-chlorophenyl- 
acrylic acid. Methyl aa«-diphenylpropionate (Il; R =H, R’ = Me) and fuming nitric 
acid at —20°, however, readily gave the dinitro-derivative (II; R = NO,, R’ = Me) 
which could be converted into the corresponding dichloro-compound by reduction and a 
subsequent Sandmeyer reaction. This ester with an excess of methylmagnesium iodide 
gave the alcohol (I; R = Cl, R’ = OH). 

Despite the ready conversion of the unsubstituted tertiary alcohol (I; R =H, 
R’ = OH) into the butene (III; R = H) (see preceding paper), a similar conversion of 
the dichloro-analogue (I; R = Cl, R’ = OH) proved very difficult. At temperatures 
up to 165° the compound was recovered unchanged, whilst temperatures high enough to 
bring about loss of water also caused extensive decomposition. An alternative route to 
the hydrocarbon (1; R=Cl, R’ =H), involving 3-methyl-2 : 2-diphenylbutane (I; 
R = R’ = H) obtained from the butene (III; R = H) by catalytic reduction, was finally 
successful: nitration and a Sandmeyer reaction gave 2 : 2-di-p-chlorophenyl-3-methylbutane 
(I; R = Cl, R’ = H) as acrystalline solid, m. p. 122°. 


In an attempt to obtain this hydrocarbon by another route, reaction of #-chloro- 
acetophenone and isopropylmagnesium iodide gave 2-p-chlorophenyl-3-methylbutan-2-ol 
but this failed to undergo a successful Baeyer condensation with chlorobenzene. Attempts 
to condense methyl tsopropyl ketone with benzene or chlorobenzene in the presence of 
sulphuric acid also proved fruitless. 


EXPERIMENTAL 

M. p.s are uncorr. Microanalyses (C and H) are by Drs. Weiler and Strauss, Oxford. 

ax-Diphenylpropionic Acid (Il; R = R’ = H).—Bottinger’s method (Ber., 1881, 14, 1595) 
was modified as follows: Concentrated sulphuric acid (technical; 400 ml.) was vigorously 
stirred at —14° during the addition of benzene (70 ml.) in 20 minutes, followed by pyruvic 
acid (20 ml. of 95%) in 25 minutes. The mixture was allowed to warm to 6°, stirred for 
a further 25 minutes at this temperature, and then poured on ice (3 kg.). The organic 
matter was extracted with ether, and acidic material isolated by shaking the extract with 5% 
sodium hydroxide solution (3 x 20 ml.). The combined alkaline washings were acidified with 
concentrated hydrochloric acid, and the product recovered by extraction with ether. Removal 
of the solvent, after drying, gave a solid acid (19-7 g., 33%) which crystallised from methyl 
alcohol in massive rhombic agglomerates, m. p. 173-5—174° (Found: C, 79-3; H, 6-3. Calc. 
for C,,H,,0O,: C, 79-6; H, 62%). In one double-scale preparation, atropic acid (10-8 g.), 
m. p. 106—107°, was the only product isolated. Methyl a«-diphenylpropionate, prepared by 
diazomethane, was a colourless liquid, b. p. 144°/1 mm., n? 1-5674 (Found: C, 79-6; H, 6-7. 
Calc. for C,,H,,O,: C, 80-0; H, 67%). Bateman and Marvel (loc. cit.) give b. p. 
149—152°/3 mm. 

Methyl aa-Di-p-nitrophenylacetate.—(a) Methyl aa-diphenylacetate (19-6 g.) was added in 
small portions during 2 hours to vigorously stirred fuming nitric acid (130 ml.), kept at —30° 
during the addition and for a further 1 hour. The mixture was poured on crushed ice (1 kg.), 
the solid product was extracted with chloroform, and the extract washed with water and then 
dilute sodium hydroxide solution and dried (CaCl,). The solvent was removed and the residual 
solid crystallised from acetic acid in aggregates of pale yellow rhombic prisms (13-8 g., 50%), 
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m. p. 162—163°. This procedure gave yields substantially greater than those obtained by 
Haskelberg and Lavie (J. Amer. Chem. Soc., 1949, 71, 2580) who reported m. p. 162°. From 
the mother-liquors was obtained a solid which crystallised from methyl alcohol in yellow 
hexagonal prisms, m. p. 118-5—119° (Found: C, 56-6; H, 3:7. C,;H,,0,N, requires C, 57-0; 
H, 3:8%), probably the isomeric methyl o-nitrophenyl-p-nitrophenylacetate. 

Ethyl «a-Di-p-nitrophenylacetate.—This ester, prepared in 36% yield as described for the 
methyl ester, crystallised from acetic acid in slender yellow rectangular prisms, m. p. 132— 
132-5° (Found: C, 58-3; H, 4-2. C,,H,O,N, requires C, 58-2; H, 43%). 

Methyl aa-Di-p-nitrophenylpropionate (Il; R = NO,, R’ = Me).—(a) Methyl] aa-diphenyl- 
propionate (Il; R = H, R’ = Me) (8-2 g.) was added gradually to vigorously stirred fuming 
nitric acid (53 ml.) at — 20° and the mixture was kept at that temperature for a further 1 hour, 
then poured on crushed ice (1 kg.). The solid product was extracted with ether, and the extract 
washed free from acid with dilute sodium hydroxide solution and dried (Na,SO,). Removal 
of the solvent left the nitro-estey which crystallised from ethyl alcohol—acetic acid, during 
several days, in large aggregates of pale yellow prisms (5-2 g., 47%), m. p. 107—108° (Found : 
C, 58:2; H, 4:2. C,,H,O,N, requires C, 58-2; H, 43%). 

(b) A solution of methyl a«-di-p-nitrophenylacetate (2 g.) in a mixture of methyl alcohol 
(5 ml.), dioxan (5 ml.), and methyl iodide (5 ml.) was stirred and refluxed for 4 hours during 
the dropwise addition of a solution of sodium (0-15 g.) in methyl alcohol (1-5 ml.). After 
removal of the solvents, the product was extracted with ether and purified as in (a) above 
(yield, 0-65 g., 44%; m. p. 105—106° undepressed by admixture with the above product). 
Unchanged starting material (0-6 g.) was recovered. 

(c) When C-methylation of ethyl «a-di-p-nitrophenylacetate was attempted, simultaneous 
trans-esterification occurred and the products isolated were methyl ««-di-p-nitrophenylacetate, 
m. p. 163—164°, and methyl ««-di-p-nitrophenylpropionate, m. p. 105—-106°, both m. p.s being 
undepressed on admixture with authentic specimens. 

Methyl aa-Di-p-aminophenylpropionate (Il; R = NH,, R’ = Me).—A solution of the above 
nitro-ester (II; R = NO,) (4-6 g.) in dioxan (17 ml.) and ethyl alcohol (17 ml.) was shaken in 
an atmosphere of hydrogen in the presence of Raney nickel for 4 hours. Removal of the solvents 
after filtration from the catalyst left the diamine as a viscous syrup which crystallised from 
ethyl alcohol in stout rectangular prisms (3-7 g., 98%), m. p. 145—146° (Found: C, 71-1; H, 
6-7. C,,H,,O,N, requires C, 71-1; H, 6-7%). The diacetyl derivative crystallised from methyl 
alcohol in minute prisms, m. p. 224° (Found: C, 67-8; H, 6-6. C,9H,,O,N, requires C, 67-8; 
H, 6-6%). 

Methyl aa-Di-p-chlorophenylpropionate (11; R = Cl, R’ = Me).—The amino-ester (3-2 g.) 
in 2N-hydrochloric acid (32 ml.) was treated at 4—8° with sodium. nitrite (1-7 g.) in water (6 ml.). 
After destruction of the excess of nitrous acid by urea, the solution was run into a stirred boiling 
solution of cuprous chloride (ca. 10 g.) in concentrated hydrochloric acid (32 ml.). After a 
further 5 minutes’ stirring the mixture was poured on ice and the product isolated with ether. 
The extract, after being washed with dilute sodium hydroxide solution and water, was dried 
and the solvent was removed. Distillation of the residue gave the dichloro-ester (3-4 g., 93%), 
b. p. 160—162°/0-7 mm. (Found: C, 62-2; H, 4:6. C,,H,,O,Cl, requires C, 62-1; H, 4-6%). 
Hydrolysis by alcoholic potassium hydroxide gave aa-di-p-chlorophenylpropionic acid, which 
crystallised from aqueous methyl alcohol in rosettes of rectangular prisms, m. p. 158—159° 
(Found: C, 61-0; H, 4-0. C,,;H,,0,Cl, requires C, 61-0; H, 41%). 

Attempts to prepare this acid by the condensation of chlorobenzene and pyruvic acid as 
described for 2: 2-diphenylpropionic acid gave only «-p-chlorophenylacrylic acid, m. p. 108°, 
identical with an authentic specimen (see below). 

3 : 3-Di-p-chlorophenyl-2-methylbutan-2-ol (I; R = Cl, R’ = OH).—A solution of methyl 
aa-di-p-chlorophenylpropionate (5-2 g.) in ether (50 ml.) was added to ethereal methylmagnesium 
iodide (from 2 g. of magnesium and 5:1 ml. of methyl iodide) cooled to 0°. After 16 hours’ 
refluxing the mixture was cooled to 0° and decomposed with 2Nn-sulphuric acid. The ethereal 
layer was separated, washed successively with water, aqueous sodium hydrogen sulphite and 
sodium hydrogen carbonate, and then dried (Na,SO,). Distillation gave the alcohol (4-5 g., 
87%), b. p. 160°/0-2 mm., which slowly solidified. It crystallised from aqueous methyl] alcohol 
in rhombic prismatic plates, m. p. 61—61-5° (Found: C, 66-0; H, 5-6; Cl, 23-0. C,,H,,OCl, 
requires C, 66-0; H, 5-8; Cl, 23-0%). An attempt to prepare the methyl ether by diazomethane 
was unsuccessful. Oxidation with chromium trioxide in acetic acid gave 4: 4-dichloro- 
benzophenone, m. p. 145° undepressed on admixture with an authentic specimen, thus establish- 
ing the 4: 4’-orientation of the nitro-groups in the methy] dinitrophenylpropionate described 
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above. Treatment with phosphorus pentachloride at 160° for 1 hour in an attempt to prepare 
3-chloro-2 : 2-di-p-chloropheny]l-3-methylbutane (1; R= R’=Cl) gave an _ unidentified 
product, m. p. 98-5—99°. Treatment of an ethyl] alcoholic solution of the alcohol (1; R = Cl, 
R’ = OH) with dry gaseous hydrogen chloride at 0° or at the b. p. resulted in recovery of the 
alcohol unchanged. 

2-Methyl-3 : 3-diphenylbutan-2-ol (I; R= H, R’ = OH).—A solution of methyl aa- 
diphenylpropionate (11-2 g.) in ether (75 ml.) was added to a vigorously stirred solution of 
methylmagnesium iodide (from 17 g. of magnesium) in ether (200 ml.) at 0°. The mixture 
was kept at room temperature for 3 days, then cooled to 0° and decomposed with 2n-sulphuric 
acid. Isolation as above gave the alcohol (11-2 g., 100%), b. p. 135—136°/0-6 mm., n}8 1-5772 
(Found: C, 84:9; H, 8-2. C,,H,,O requires C, 84-9; H,8-4%). Batemanand Marvel (loc. cit.) 
presumably prepared this compound but did not isolate, purify, or analyse it. 

2-Methyl-3 : 3-diphenylbut-l-ene (III; KR = H).—The alcohol (I; R= H, R’ = OH) 
(4-3 g.) was heated with toluene-p-sulphonic acid (0-4 g.) at 125° for 20 minutes. The butene, 
after removal of the acid, distilled as a colourless mobile liquid (4-0 g., 100%), b. p. 116— 
118°/0-3 mm., m} 1-5728 (Found: C, 91-5; H, 82. Calc. for C,,H,,: C, 91-8; H, 82%). 
Bateman and Marvel (loc. cit.) give b. p. 132—135°/4-5 mm., nP 1-5730. 

3-Methyl-2 : 2-diphenylbutane (I; R = R’ = H).—A solution of the above olefin in ethy] 
alcohol (30 ml.) was reduced by hydrogen in the presence of Raney nickel. Distillation of the 
filtered solution gave 3-methyl-2 : 2-diphenylbutane which distilled as a mobile liquid (4-3 g., 
100%), b. p. 112°/0-6 mm., n¥ 1-5653 (Found: C, 90-9; H, 9-0. C,,H,,. requires C, 91-0; H, 9-0%). 

3-Methyl-2 : 2-di-p-nitrophenylbutane (1; R = NO,, R’ = H).—A solution of the hydro- 
carbon (1; R = R’ = H) (7-9 g.) in acetic acid (20 ml.) was added dropwise, with stirring, 
during 30 minutes, to fuming nitric acid (50 ml.) cooled to —15°. After 2 hours’ stirring at 
the same temperature the mixture was poured into ice-water, and the butane collected by 
filtration. After being washed with sodium hydrogen carbonate solution and water, the 
residual solid crystallised from aqueous acetone in small yellow waxy prismatic plates (6-5 g., 
59%), m. p. 175—175-5° (Found: C, 64-7; H, 5-9. C,,H,,0,N, requires C, 64-9; H, 5-8%). 

2 : 2-Di-p-aminophenyl-3-methylbutane (I; R= NH,, R’ = H).—The above nitro-com- 
pound (3-3 g.) in dioxan (50 ml.) was reduced by hydrogen and Raney nickel. The diamine 
crystallised from aqueous methyl alcohol in rosettes of monoclinic prisms (2-4 g., 90%), m. p. 
135—135-5° (Found: C, 80-0; H, 87. (C,,H,,N, requires C, 80-3; H, 8-7%). The diacetyl 
derivative crystallised from aqueous methyl] alcohol in tiny nacreous plates, m. p. 139—139-5° 
(Found: C, 74:4; H, 7-7. C,,H,,O,N, requires C, 74-5; H, 7-75%). 

2: 2-Di-p-chlorophenyl-3-methylbutane (I; R = Cl, R’ = H).—The above diamine (3-3 g.) 
was stirred with warm 2n-hydrochloric acid (32 ml.), cooled to 0°, and diazotised at 5—10° 
by sodium nitrite (1-6 g.) in water (4 ml.). After 90 minutes’ stirring excess of nitrous acid was 
removed with urea, and the diazonium solution was added during 3 minutes to a stirred boiling 
solution of cuprous chloride (20 g.) in concentrated hydrochloric acid (50 ml.). After a further 
3 minutes the mixture was poured on ice and the product extracted with ether. After the 
extract had been washed with 5% sodium hydroxide solution and then water, it was dried 
(Na,SO,) and distilled (2-0 g., 64%; b. p. 140°/0-2 mm.). The chloro-compound crystallised 
in aggregates of stout prisms, m. p. 121-5—122° (Found: C, 69-8; H, 6-2; Cl, 24-0. C,,H,,Cl, 
requires C, 69-6; H, 6-2; Cl, 24-2%). Oxidation with chromium trioxide in acetic acid gave 
4: 4’-dichlorobenzophenone, m. p. 145—146°. 

a-p-Chlorophenyl-a-hydroxypropionic Acid.—A solution of pyruvic acid (2 ml. of 95%, 
= 2-3 g.) in ether (20 ml.) was dried (CaCl,) and added with stirring to an ice-cooled solution 
of phenylmagnesium bromide [from magnesium turnings (2-3 g.) and p-bromochlorobenzene 
(17 ml.)) in ether (100 ml.). After 48 hours at room temperature the mixture was cooled to 
0° and decomposed with 2Nn-sulphuric acid, and the ethereal layer washed with water, 1% 
sodium hydrogen sulphite solution, and again with water. The product was isolated by extrac- 
tion of the ethereal layer with saturated sodium hydrogen carbonate solution, acidification of 
the combined extracts with concentrated hydrochloric acid, and re-extraction with ether. 
After being washed twice with water, the ethereal extract was dried (Na,SO,), and the solvent 
was removed. The solid acid crystallised from benzene in a mass of monoclinic prisms (3-0 g., 
57%), m. p. 136—137° (Found: C, 54-0; H, 45; Cl, 17-9. C,H,O,Cl requires C, 53-9; H, 
4-5; Cl, 17-7%). The p-bromophenacyl ester crystallised from aqueous methyl alcohol in 
clusters of minute prisms, m. p. 88—90° (Found: C, 51-5; H, 3-6. C,,H,,O,CIBr requires 
C, 51-3; H, 3-6%). 

a-p-Chlorophenylacrylic Acid.—The above hydroxy-acid (0-13 g.) in ether (1 ml.) was added 
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to concentrated sulphuric acid (20 ml.), and the mixture stirred at room temperature for 1-5 
hours and then poured on ice. The organic matter was extracted with ether, the extract 
washed with water, and the acid recovered by saturated sodium hydrogen carbonate solution 
(2 x 5 ml.) and acidification. «-p-Chlorophenylacrylic acid, isolated with ether, crystallised 
from aqueous methyl in a mat of fine needles (0-09 g.), m. p. 109—110° (Found: C, 58-9; 
H, 4-1. C,H,O,Cl requires C, 59-2; H, 3-9%). 


The authors thank Mr. R. F. Batt for the chlorine analyses in this and in the preceding 
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531. 2:4-3:5-Diethylidene aldehydo-L-Xylose and its Derivatives. 
By E. J. Bourne, W. M. CorBett, and M. STACEY. 


2: 4-3: 5-Diethylidene aldehydo-L-xylose has been prepared by an im- 
proved method and has been converted into three crystalline derivatives. It 
has been shown to exist as a monomer in the crystalline state and also in solu- 
tion in benzene, dioxan, and water. Measurements have been made of the 
specific rotations and ultra-violet absorption spectra of its solutions in different 
solvents. 


In order to explain certain anomalous optical-rotation measurements made during the 
course of unsuccessful attempts to prepare cyclic acetals by condensing aldehydo-sugars 
with polyhydroxy-compounds, it became necessary to study the physical and chemical 
properties of 2: 4-3: 5-diethylidene aldehydo-L-xylose (I) reported in this paper. This 
work was focussed mainly on the stability and hydration of the compound, and on its 
possible existence in a polymeric form, such as that postulated by Gatzi and Reichstein 
(Helv. Chim. Acta, 1938, 21, 914) and by English and Griswold (J. Amer. Chem. Soc., 1945, 
67, 2039) for 2 : 3-4 : 5-ditsopropylidene aldehydo-arabinose. 

2: 4-3: 5-Diethylidene aldehydo-L-xylose can be prepared conveniently by the action 
of a glycol-splitting oxidising agent on 1 : 3-2 : 4-diethylidene D-sorbitol (II), which results 
from the controlled hydrolysis of 1 : 3-2 : 4-5 : 6-triethylidene sorbitol (Appel, J., 1935, 
425; Gatzi and Reichstein, Helv. Chim. Acta, 1938, 21, 86; Bourne and Wiggins, /., 
1948, 1933), and also from the partial ethylidenation of sorbitol (Hockett and Schaefer, 
J. Amer. Chem. Soc., 1947, 69, 849). Hockett and Schaefer (loc. cit.) recommended that 
this oxidation should be effected by adding a hot solution of lead tetra-acetate in glacial 
acetic acid to an aqueous solution of 1 : 3-2: 4-diethylidene sorbitol, thus avoiding the 
formation of a by-product [possibly a condensation product of 2: 4-3: 5-diethylidene 
aldehydo-L-xylose with unchanged 1 : 3-2 : 4-diethylidene sorbitol (Hockett and Nickerson, 
Abs. Amer. Chem. Soc. Meeting, Memphis, April 1942)] which arises in a glacial acetic acid- 
benzene solvent ; even so, extensive recrystallisation of the diethylidene aldehydo-L-xylose 
was necessary. We have found that the xylose diacetal is obtained in good yield (80%), 
and virtually pure, even before recrystallisation, when the oxidation is conducted with 
sodium metaperiodate in water. 


CHO CH” H(NHPh), 
Po- Hl \ i 
Me-CH’ H—C—O 4 =, 
\o—t_H ScHMe \o—t_H ‘cue 
H,° . H, 
(I) (III) 
Although the diethylidene aldehydo-L-xylose thus prepared, and its crystalline oxime, 
had physical constants almost identical with those reported by Hockett and Schaefer 
(loc. cit.), this was not the case for its bisdimedone derivative, but the bisdimedone com- 
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pound obtained by the American workers was not analytically pure. In its property of 
forming a water-insoluble crystalline bisdimedone derivative, 2: 4-3: 5-diethylidene 
aldehydo-L-xylose resembles 2: 3-4: 5-diitsopropylidene aldehydo-D-arabinose (Bourne, 
McSweeney, Stacey, and Wiggins, J., 1952, 1408) and 2: 3-4: 5-ditsopropylidene alde- 
hydo-t-xylose (Bourne, McSweeney, and Wiggins, J., in the press), but differs from 
xylose itself, which does not react with dimedone under the same conditions. Thus it 
appears that the existence of a pyranose ring system precludes the formation of a dimedone 
derivative although not that of the mercaptal of xylose (cf. Wolfrom, Newlin, and Stahly, 
J. Amer. Chem. Soc., 1931, 58, 4379). The ready reaction of 2 : 4-3 : 5-diethylidene alde- 
hydo-L-xylose with dimedone explains why the formaldehyde produced when 1 : 3-2: 4- 
diethylidene sorbitol is oxidised with periodate can be determined with dimedone only 
after it has been purified by distillation in steam (Bourne, Bruce, and Stacey, unpublished 
work). 

The crystalline product obtained when diethylidene aldehydo-L-xylose was heated with 
an excess of aniline in methanol gave the correct analysis for compound (III), #.e., it con- 
tained two aniline residues for one xylose unit. This compound slowly darkened on 
storage, presumably owing to the liberation of aniline; the observed slow decrease in the 
optical rotation of an alcoholic solution could be attributed to the same cause. This rather 
unusual mode of condensation between a sugar and an amine finds a parallel in the re- 
actions of simple aldehydes (cf. Hickinbottom, “‘ Reactions of Organic Compounds,” 
Longmans, Green, and Co., 1942, p. 135), and also in the fact that glucose condenses with 
one mol. of o-phenylenediamine to give a cyclic product in which C,,) of the hexose is 
united to both amino-groups (cf. Pigman and Goepp, ‘‘ Chemistry of the Carbohydrates,”’ 
Academic Press Inc., 1948, p. 380). 


Optical rotations of 2 : 4-3 : 5-diethylidene aldehydo-L-xylose in various solvents at room 
temperature. 


7 : 
L@ip \a2\p 
a bs 








Solvent ‘Initial At equilm. Solvent ‘Initial At equilm. 
Benzene (dry) — 138° — 138° Chloroform (not dried) 
Benzene (not dried) ... —135 — 46 —13 
Pyridine (dry) — 97 Chloroform (98%)- 
ethanol (2% —24 


The optical rotations of 2: 4-3: 5-diethylidene aldehydo-L-xylose in different solvents 
showed considerable variations (see Table); for example, the values of [«]p in dry benzene 
and water were — 138° and —13°, respectively. The possibility that these differences were 
due to polymerisation effects was eliminated when cryoscopic measurements in benzene, 
dioxan, and water revealed that the solute was monomeric in each case; a similar result 
was obtained from crystallographic data for the solid. Nor were the rotational effects 
attributable to hydrolysis of the ethylidene residues, because diethylidene aldehydo-.- 
xylose still afforded its characteristic dimedone derivative after it had been kept in aqueous 
solution for 18 hours. Thus it appeared that the factor responsible was the addition of 
hydroxylic compounds to the carbonyl group of the xylose moiety; such additions are 
known to occur with other aldehydo-sugars (see, ¢.g., Wolfrom, J. Amer. Chem. Soc., 1931, 
53, 2275; Wolfrom, Konigsberg, and Weisblat, ibid., 1939, 61, 574; Ness, Hann, and 
Hudson, ibid., 1944, 66, 665; Stacey and Turton, J., 1946, 661). In these circumstances 
the equilibrium value of [«]p attained in a non-polar solvent which had not been dried 
should have been dependent on the proportion of the hydroxylic impurity present, and it 
was demonstrated that the addition of water or alcohol to such equilibrated solutions did, 
in fact, cause further changes in [«]p. 

These conclusions were in harmony with the ultra-violet absorption spectra of solutions 
of 2: 4-3 : 5-diethylidene aldehydo-t-xylose. A fresh solution in dry chloroform had Amax. 
at 2900 A, the characteristic position for a carbonyl group, but the spectrum changed as 
the solution was stored, and, after 50 hours, had Amax. at 2530 A. Aqueous and alcoholic 
solutions had Amax. at 2420 and 2550 A, respectively, compared with 2500 A for a solution 
of 1 : 3-2: 4-diethylidene sorbitol in a chloroform (98%)-ethanol (2°) mixture. 
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EXPERIMENTAL 


2: 4-3 : 5-Diethylidene aldehydo-.t-Xylose.—An aqueous solution (290 c.c.) of sodium meta- 
periodate (22 g.) was added slowly to a stirred solution (70 c.c.) of 1 : 3-2 : 4-diethylidene sorbitol 
(20-0 g.), which had been prepared from 1 : 3-2: 4-5: 6-triethylidene sorbitol by partial hydro- 
lysis with acid (cf. Appel, Joc. cit.; Bourne and Wiggins, Joc. cit.). The stirring was continued 
for 2 hours before the solution was evaporated at 30°/15 mm.; the residue was extracted with 
chloroform. Evaporation of the extracts gave 2: 4-3: 5-diethylidene aldehydo-.t-xylose (13-7 
g.), m. p. 160—162°. Recrystallised from dioxan, the product (7-0 g.) had m. p. 160—161°, 
[a]?? —12-8° (c, 2-2 in water) (Found: C, 53-4; H, 7-0. Calc. for C,H,,0,: C, 53-5; H, 7-0%). 
Hockett and Schaefer (loc. cit.) recorded m. p. 162—163°, [a]? —12-4° (c, 2-9 in water). 

Bisdimedone Derivative of 2 : 4-3 : 5-Diethylidene aldehydo-L-Xylose.—The addition of a hot 
saturated aqueous solution of dimedone (0-138 g.) to a solution of 2 : 4-3 : 5-diethylidene aldehydo- 
L-xylose (0-090 g.) in water (2-0 c.c.) gave immediately a white precipitate, which was collected 
by filtration after 6 hours. Recrystallised twice from aqueous alcohol, it afforded the bis- 
dimedone derivative (0-115 g.), m. p. 223—-224° (decomp.), [a]}® +9-5° (c, 1-2 in ethyl alcohol) 
(Found: C, 64:5; H, 7-5. Calc. for C,,H;,0,: C, 64-6; H, 7-8%). Hockett and Schaefer 
(loc. cit.) recorded m. p. 196—199° (decomp.), [«]#? +40-3° (c, 1-2 in chloroform). 

In a second experiment, an aqueous solution (10 c.c.) of 2: 4-3: 5-diethylidene aldehydo- 
L-xylose (0-486 g.) was kept at room temperature for 18 hours before being freeze-dried. The 
residue, treated with dimedone as before, gave the bisdimedone derivative (55% yield), m. p. 
224—-225° alone or on admixture with the above specimen. 

2: 4-3: 5-Diethylidene aldehydo-t-Xylose Oxime.—A solution (6-0 c.c.) of 2: 4-3 : 5-diethyl- 
idene aldehydo-L-xylose (0-300 g.), hydroxylamine hydrochloride (0-300 g.), and sodium acetate 
(0-3 g.) in aqueous methanol (25% of water, by volume) was refluxed gently for 20 minutes, 
and then water was added until a faint turbidity developed. The clusters of needles which 
separated when the solution was kept at 0° for 2 days were recrystallised from ethyl alcohol, 
to give the oxime (0-077 g.), m. p. 255—256°, [a]}? —97-0° (c, 1-3 in pyridine) (Found: C, 49-9; 
H, 6-9. Calc. for C,SH,,0,N: C, 49-8; H, 7-0%). Hockett and Schaefer (loc. cit.) reported 
m. p. 256—257°, [a]? —97-8° (c, 1-6 in pyridine). 

2: 4-3: 5-Diethylidene 1 : 1-Bis-C-anilino-1-deoxy-L-xylitol.—2 : 4-3 : 5-Diethylidene aldehydo- 
L-xylose (0-140 g.) was heated with aniline (0-25 c.c.) in dry methanol (7-0 c.c.) at 60° (bath- 
temp.) for 30 minutes. The solution was concentrated at 12 mm. until crystallisation com- 
menced. After being washed with ether, the crystalline product (0-190 g.) had m. p. 98°. 
Recrystallised four times from methanol, it gave the 1 : 1-bis-C-anilino-compound, m. p. 103— 
104° (decomp.), [«]}' —33-3° (c, 0-15 in ethyl alcohol), slowly decreasing after 2 hours (Found : 
C, 67-9; H, 7-1; N, 7-7. C,,H,,0,N, requires C, 68-1; H, 7-1; N, 7-6%). 

Determination of the Molecular Weight of 2: 4-3: 5-Diethylidene aldehydo-L-Xylose.— 
(a) Crystallographic method (With Mr. P. Cucka). By X-ray diffraction on a single crystal, 
2: 4-3: 5-diethylidene aldehydo-L-xylose was found to be monoclinic with the following lattice 
parameters: a, 9-97; 6, 8-48; c, 5-96A; 8, 90°. The density was 1-346 g./c.c. Since the 
compound was asymmetric and optically active, the unit cell must have contained at least two 
molecules. From these figures the molecular weight was calculated to be 204, or possibly102, 
the latter figure being incompatible with the fact that the compound was a xylose derivative 
(Calc. for C,H,,0,: M, 202). 

(b) Cryoscopic method. The solvents used in three separate determinations by the Beck- 
mann method were benzene (“‘ AnalaR ’’), dioxan, and water, the two organic solvents having 
been fractionally distilled over metallic sodium. The molecular weight of the xylose derivative 
was calculated to be 209 in benzene, 205 in dioxan, and 185 in water. The fact that 2: 4-3: 5- 
diethylidene aldehydo-L-xylose forms a hydrate in aqueous solution did not materially influence 
the determinations made in this solvent, because the weight of solute used in the calculations 
was that of the anhydrous crystalline material actually introduced, and the molar concen- 
tration of the solution was altered to a negligible extent by hydrate formation. 


The authors are indebted to the British Cotton Industry Research Association for the 
award of a Shirley Scholarship to one of them (W. M. C.); part of the expenses was defrayed 
by a grant from the Special Research Fund of Birmingham University. 
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532. Studies on Hydrogen Cyanide. Part XVIII.* The Reaction of 
the Sesquichloride of Hydrogen Cyanide with Mesitylene in the Presence 
of Aluminium Chloride. 


By L. E. HtnKEt and G. H. R. SuUMMERs. 


When aluminium chloride is added to the sesquichloride of hydrogen 
cyanide in mesitylene, the hydrochloride of N-dimesitylmethylformamidine 
CHAr,-NH°CH—NH can be isolated, whilst N-(dimesitylmethyl)mesityl- 
methylenediamine CHAr,*NH°CHAr-NH,, although not isolated, must be 
formed since hydrolysis of the reaction product gives dimesitylmethyl- 
amine and mesitaldehyde. The production of these substances provides 
further proof for the constitution, CHCl,-NH*CHCI*NH, of the sesquichloride 
of hydrogen cyanide. 

If the experimental procedure is reversed and the sesquichloride is 
added to the aluminium chloride, numerous compounds can be isolated, 
including mesitylmethylamine and dimesitylamine, which appear to be 
derived from fragments of the sesquichloride molecule. 


THE constitution of the sesquichloride of hydrogen cyanide as dichloromethylformamidine 
hydrochloride (I) was suggested by Gattermann and Schnitzpahn (Ber., 1898, 31, 1770). 
Doubts about the correctness of this constitution were first raised by Hinkel and Dunn 
(J., 1930, 1834) who found that the sesquichloride decomposed spontaneously in a vacuum 
to yield free hydrogen chloride and chloromethyleneformamidine (II), and that the latter 
compound did not reunite with hydrogen chloride. 


CHC1,-NH-CH=NH,}CI° — > CHCI=N-CH=NH + HCl 
(I) (II) 

The sesquichloride cannot be the hydrochloride of a base, as suggested by Gattermann 
and Schnitzpahn, because it is known that the groupings (a) -CH:NH and (6) CHCl,"-NH- 
are non-basic ; thus the compound CMeC1,°N H, is devoid of basic properties and readily loses 
hydrogen chloride, to give acetamidoyl chloride CMeCI;-(NH (Hinkel and Treharne, /., 
1945, 866). 

CHCI=NH + CHCl,-NH, —> CHCI,-NH-CHCI-NH, 
(IIT) (IV) (V) 

Hinkel and Watkins (J., 1944, 647) showed that the formation of the sesquichloride 
from hydrogen cyanide and hydrogen chloride results from union of the initially formed 
formimidoyl chloride (III) and dichloromethylamine (IV). According to these authors, 
the sesquichloride is correctly represented as chloro-N-dichloromethylmethylenediamine 
(V), and is a neutral compound [vide (b) above]. 

Hinkel and Hullin (J., 1949, 1033) investigated the action of excess of aluminium 
chloride on the sesquichloride in the presence of benzene; they found that the double 
compound, m. p. 62°, of aluminium chloride with the sesquichloride (Hinkel, Ayling, and 
Beynon, /J., 1933, 674) combined with a second molecule of aluminium chloride to give a 
product in which the sesquichloride molecule appeared to have undergone fragmentation, 
and employed this product in a Friedel-Crafts reaction with benzene in the hope of obtain- 
ing evidence of a fragment -NH*CHCI-NH,. On the assumption that the Friedel-Crafts 
reaction involves some process of Sy2 type : 


l | 
hee a mth [Ar-+-C---Cl]) —>» Ar—C—4Cl- 
SET: rete TR? Sa 


the aryl group will mark the site of the chlorine atom(s). Such a replacement would 
furnish a fragment -NH*CHPh:NHg, which by subsequent hydrolysis was expected to 
yield benzaldehyde. Although benzaldehyde was not detected, anthracene was isolated 
in quantity sufficient to indicate that its formation was due to the union of two CHPh 


* Part XVII, J., 1949, 1593. 
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radicals, presumably derived from the fragment -NH*CHPh-NH, by disruption before 
hydrolysis. 

Although the formation of anthracene affords strong evidence for the existence of the 
grouping -NH-CHCI-NH, in the sesquichloride, it cannot be said to be wholly conclusive. 
The Friedel-Crafts reaction with the sesquichloride has therefore been repeated with 
mesitylene; here the formation of an anthracene derivative is impossible, and in view of 
the greater reactivity of mesitylene toward aluminium chloride it was hoped to obtain a 
substance (VI) in which sites of all the chlorine atoms in the sesquichloride would be marked 
by mesityl groups. Such a compound should readily give dimesitylmethylamine (VII) 
and mesitaldehyde (VIII) on hydrolysis. This hope has now been realised, and provides 
further proof of the constitution (V) for the sesquichloride of hydrogen cyanide. 


CHR,-NH-CHR‘NH, —> CHR,-NH, + R-CHO + NH, 
(VI) (VII) (VIII) 
(R = mesityl) 

When an excess of aluminium chloride is added to the sesquichloride in mesitylene, the 
reaction product is a mixture containing N-(dimesitylmethyl)mesitylmethylenediamine 
(VI) and a substance regarded as chloro-N-(dimesitylmethyl)methylenediamine (LX), 
These compounds are readily separated through the solubility of the latter in hot water, 
but neither was isolated in a state of purity. 

N-(Dimesitylmethyl)mesitylmethylenediamine (VI) was recognised by its hydrolysis 
products. It is slowly hydrolysed on steam-distillation and rapidly by hot aqueous 
sodium hydroxide, to give dimesitylmethylamine (VII), m. p. 96°, and mesitaldehyde 
(VIII); the former was characterised through its sparingly soluble mineral acid salts, and 
the latter was identified as the azine, m. p. 168°. 

Chloro-N-(dimesitylmethyl)methylenediamine (IX) was recognised by its dehydro- 
chlorination product N-(dimesitylmethyl)formamidine (X). By contrast with the non- 
basic character of compounds containing the grouping —CCl,,NH-, compounds con- 
taining the groupings -CR,*NH- or —CAr,*NH- exhibit basic properties and form salts, 
so that (X) could be isolated from the reaction mixture as the hydrochloride (XI), m. p. 181°, 
which is quite insoluble in organic solvents, ¢.g., ethyl acetate : 


CHR, NH-CHCI'NH, —~>> CHR,NH-CH=NH —> (CHR,NH,-CH=NH]CI- 
(IX) (X) (XI) 


Aq. NaOH- 
mon” CHRyNH‘CHO —> CHR, NH, + H-CO,H 


NaOH 
(XII) (VII) 


The elimination reaction (IX —» X) occurs easily and can be brought about by dis- 
solution of crude chloro-N-(dimesitylmethyl)methylenediamine (IX) in cold ethyl acetate 
(in which it is readily soluble) and from the hot solution in which dimesitylmethylform- 
amidine (X) is soon deposited as the highly insoluble hydrochloride (XI). This substance 
is hydrolysed by aqueous sodium hydroxide to dimesitylmethylformamide (XII), m. p. 215°, 
which in turn is slowly hydrolysed by alcoholic sodium hydroxide to dimesitylmethylamine 
(VII). 

When the experimental procedure (described above) is reversed—by adding the 
sesquichloride to three molecules of aluminium chloride, whereby the latter is always 
present in large excess—a different type of reaction appears largely to supervene. The 
main reaction now appears to involve fragmentation of the sesquichloride with 
subsequent reaction of the fragments with mesitylene; thus, evidence for the formation 
of only a small quantity of (IX) by isolation of the compound (XI) was obtained, and it is 
highly improbable that (VI) was produced. On the other hand, several other com- 
pounds were isolated for the formation of which no satisfactory explanation can be offered. 
Among the compounds isolated were two new bases, monomesitylmethylamine 
CgH,,°CH,"N Hg, and dimesitylamine (C,H,,).NH. It is probable that the former substance 
owes its origin to a primary Friedel-Crafts reaction of mesitylene on the single chlorine 
atom followed by disruption of the molecule. 
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The formation of the dimesitylamine is indeed surprising. This compound calls for 
some special comment, for unlike unsubstituted diphenylamine it displays strong basic 
properties, readily yielding a crystalline acetyl derivative and well-defined salts. 

Hinkel and Hullin (loc. cit.) suggested from their experiments that anthracene was 
formed through a union of two C,H,°CH: fragments. In the present investigation it was 
also possible for the radical CgH,,°CH: to be produced, but this cannot give rise to an 
anthracene grouping because of the two o-methyl groups, but could unite to give dimesityl- 
ethylene. A mixture of hydrocarbons was obtained consisting of an unsaturated and a 
saturated compound, but not in sufficient quantity for separation and identification. It is 
probable that the unsaturated hydrocarbon may be dimesitylethylene formed in the 
manner suggested, whilst the saturated hydrocarbon might be dimesitylmethane formed 
in a manner analogous to the production of diphenylmethane in the work of Hinkel and 
Hullin (loc. cit.). 


EXPERIMENTAL 


Reaction of the Sesquichloride of Hydrogen Cyanide with Mesitylene in the. Presence of Alu- 
minium Chloride.—(a) Aluminium chloride added to the sesquichloride. Powdered aluminium 
chloride (87 g., 3 mols.) was added in small portions during 0-5 hour to mesitylene (250 c.c.) 
containing the sesquichloride of hydrogen cyanide (35 g., 1 mol.), mechanically stirred and 
cooled in ice. The mixture became viscous and dark red, only a small amount of hydrogen 
chloride being evolved. Stirring was continued for a further 2 hours and then the mixture was 
allowed to regain room temperature. After 2 days the mixture separated into a dark red 
viscous layer with a superimposed clear layer of mesitylene. The mixture was hydrolysed by 
stirring it with crushed ice and concentrated hydrochloric acid. The viscous product obtained 
was dissolved in benzene, and the aqueous layer discarded. After the benzene and mesitylene 
had been removed in steam, the residue was made alkaline with 4N-sodium hydroxide and dis- 
tillation continued until the distillate gave no precipitate with 2: 4-dinitrophenylhydrazine. 
This aqueous distillate was extracted and the ethereal extract dried (CaCl,) and evaporated, 
to yield mesitaldehyde. On treatment with a saturated solution of hydrazine sulphate, this 
gave a yellow azine, m. p. 168—169°, identical with a specimen prepared from authentic mesit- 
aldehyde (Found: C, 82-0; H, 8-1; N, 9-6. C, 9H,,N, requires C, 82-2; H, 8-2; N, 95%). 

The black sticky residue in the distillation flask was drained from the alkaline solution, and 
then repeatedly extracted with hot dilute hydrochloric acid, until a test portion no longer 
yielded a precipitate on treatment with alkali. An insoluble residue (R) was examined as 
described below. When the hydrochloric acid extract was cooled, sparingly soluble dimesityl- 
methylamine hydrochloride was deposited as fine needles, m. p. 320° (decomp.) (Found: C, 73-3; 
H, 8-9. C,,H,;N,HCl requires C, 73-4; H, 9-1%). Warming this with sodium hydroxide 
yielded the free base as an oil which readily solidified and crystallised from ethanol as fine needles 
of the solvate, m. p. 101° (Found: C, 78-9; H, 9-7; N, 4-2. C,,H,,N,C,H,O requires C, 80-5; 
H, 9-9; N,4:4%). These crystals when heated alone or kept in vacuo lost the ethanol and yielded 
anhydrous dimesitylmethylamine, m. p. 96° (Found: C, 84-0; H, 10-2. C,,H,,N requires 
C, 84-2; H, 10-1%). A solution of the amine in dilute sulphuric acid, on cooling, deposited 
the sulphate as small needles, m. p. 225—226° (Found: C, 70-1; H, 83; N, 4:3; SO,”, 14-7. 
C,,H,,;N,H,SO, requires C, 72-1; H, 8-2; N, 4-4; SO,”, 15:1%). Addition of dilute nitric 
acid to a hot aqueous solution of the sulphate or hydrochloride precipitated a very insoluble 
nitrate as a white powder which decomposed without fusion at 203—204° (Found: C, 68-8; 
H, 7-9; N, 83. Cy,H,,0,N, requires C, 69-1; H, 7-9; N, 85%). The acetate, prepared in 
the usual way, crystallised from alcohol in large prisms, m. p. 227° (Found: C, 81-5; H, 8-5; 
N, 4:72. (C,,H,,ON requires C, 81-5; H, 8-7; N, 4-5%). 

The residue R was dissolved in alcohol (charcoal) and cooled, yielding dimesitylmethylform- 
amide as prismatic crystals, m. p. 215° (Found: C, 80-5; H, 85; N, 4-5. C,.H,,ON requires 
C, 80-5; H, 8-7; N, 4-7%). This was hydrolysed by boiling alcoholic potassium hydroxide for 
several hours; dilution with water precipitated dimesitylmethylamine. 

This Friedel-Crafts reaction was repeated and the procedure described followed up to the 
point when the benzene-mesitylene solution had been subjected to steam-distillation. As 
soon as mesitaldehyde was detected in the distillate, distillation was stopped. There re- 
mained a black solid residue and an aqueous solution (A). The latter was decanted and the 
sticky solid extracted with hot water until the extract no longer gave a deposit on cooling. 
The solution (A) and the aqueous extracts were combined and, on cooling, much gum separated. 
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After filtration and drying, the product was digested with hot ethyl acetate, which dissolved a 
large portion but still a residue of white material remained undissolved. This residue on 
repeated crystallisation from boiling water containing a little hydrochloric acid yielded di- 
mesitylmethylformamidine hydrochloride as fine needles, m. p. 181° (Found: C, 72-0; H, 8-1; 
N, 8-6; Cl, 10-5. C,,H,,N,Cl requires C, 72-6; H, 8-2; N, 8-5; Cl, 10-7%). The ethyl acetate 
filtrate on slight concentration deposited a large quantity of white solid identical with the portion 
which could not be dissolved. 

The aqueous acid filtrate from the crude dimesitylmethylformamidine hydrochloride was 
rendered alkaline with sodium hydroxide, the base being precipitated. This compound, which 
slowly evolved ammonia when moist, was steam-distilled with excess of alkali. Mesitaldehyde 
came over in the distillate, and the solid residue in the flask was dimesitylmethylamine. 

(b) The sesquichloride was added to the aluminium chloride. Finely powdered aluminium 
chloride (50 g., 3 mols.) was added to mesitylene (200 c.c.) at room temperature, and after 
agitation a dark red solution resulted. The vessel was immersed in ice-salt and the sesqui- 
chloride (20 g., 1 mol.) added in small quantities during 0-5 hour. There was no evolution of 
hydrogen chloride but the mixture assumed a mud-like consistency and became dark reddish- 
brown. After 1 hour at low temperature semi-solid material separated. Stirring caused 
evolution of some hydrogen chloride and during 2 days the thick sludge went into solution. 
After a further 3 days the reaction was poured on, and stirred with, the minimum necessary 
amount of crushed ice and concentrated hydrochloric acid, the hydrolysis being carried out at 
ice-salt temperature. A viscous semi-solid mass separated, together with the mesitylene 
solution. The whole was extracted with benzene, and the aqueous layer containing aluminium 
chloride discarded. The hydrocarbon solution was shaken vigorously with water. Three 
layers formed, (A) the benzene—mesitylene solution, (B) a sticky portion, and (C) an aqueous 
layer. 

Layer (B) was diluted with water and heated on a steam-bath and occluded benzene evapor- 
ated off. On cooling, a soft brown mass separated, stable to aqueous sodium hydroxide but 
yielding ammonia in boiling alcoholic sodium hydroxide. The solid residue after filtration was 
repeatedly extracted with hydrochloric acid and this extract on cooling yielded a copious 
precipitate of white needles, m. p. 240°. Repeated crystallisation from water containing a 
little hydrochloric acid gave dimesitylamine hydrochloride as microscopic needles, m. p. 253° 
(Found: C, 74:0; H, 8-2; N, 4-9; Cl, 12-4. (C,,H,,NCl requires C, 74-6; H, 8-3; N, 4-8; 
Cl, 123%); this gave a red colour with 90% sulphuric acid which became yellow on the 
addition of a trace of potassium nitrate but was unaffected by potassium nitrite. The acetyl 
derivative, prepared by heating the hydrochloride with acetic anhydride, crystallised from 
boiling alcohol as transparent prisms, m. p. 264—265° (Found: C, 80-9; H, 8-6; N, 4-9. 
C,,H,;ON requires C, 81:3; H, 8-5; N, 4:7%). 

The aqueous layer (C) was concentrated in the presence of hydrochloric acid. Dimesityl- 
methylformamidine hydrochloride, m. p. 181°, separated. The filtrate from the hydrochloride 
was made alkaline with 4N-sodium hydroxide and steam-distilled. Ammonia was evolved and 
volatile mesitylmethylamine distilled and solidified in the receiver. The base was converted 
into its hydrochloride which crystallised from water as fine needles, m. p. 286° (Found : C, 64-7; 
H, 8-6; N, 7-6; Cl, 18-9. C,,H,,NCl requires C, 64-7; H, 8-6; N, 7-5; Cl, 191%). The acetyl 
derivative crystallised from aqueous alcohol as needles, m. p. 185° (Found: C, 75-1; H, 9-0; 
N, 6-9. C,,H,,ON requires C, 75-3; H, 8-9; N, 7:3%). 

The benzene and mesitylene were removed by steam-distillation from solution (A), and the 
aqueous distillate containing the last traces of mesitylene showed only a very slight test for 
aldehyde. The distillation was continued for a further 15 hours during which a colourless 
blue-fluorescent liquid was collected. The combined aqueous distillates were extracted with 
the benzene—mesitylene distillate, and dried (CaCl,), and the extract was fractionated. The 
residue after the removal of the benzene and mesitylene was refractionated, first at 13 mm., 
yielding the following fractions: b. p. up to 75°, mesitylene, b. p. 75—87°, unsaturated to 
bromine water, and b. p. 87—130°. The fractionation was repeated at ordinary pressure and 
the following main fractions collected: mesitylene, b. p. 165°, a liquid, b. p. 198—199°, un- 
saturated and solid in solid carbon dioxide, and b. p. 285—300°, saturated and liquid in carbon 
dioxide. The amounts of these high-boiling liquids were too small for further investigation. 


UNIVERSITY COLLEGE, SWANSEA. [Received, December 15th, 1951.} 








Dean. 2817 


533. Induced and Other Variations in Bacterial Cultures. Part V.* 
The Effect of Ultra-violet Irradiation on Bact. coli with Special 
Reference to Nutritional Mutants. 


By A. C. R. DEAN. 


The effect of ultra-violet light on a strain of Bact. coli is studied, with 
special reference to the formation of nutritional mutants. 

From a series of experiments on strains both fully adapted and un- 
adapted to a simple synthetic medium, 1092 strains were isolated by various 
techniques. Seventy-eight of these strains had nutritional requirements of 
varying degrees of complexity, which have been classified. 

Nutritional requirements appeared more readily than in the corresponding 
experiments with Bact. lactis aerogenes and there is an almost continuous 
spectrum of behaviour. 


THE preceding papers in this series (J., 1951, 1157—1177) were concerned with a study of 
the changes induced in Bact. lactis aerogenes by ultra-violet light and some other mutagenic 
agents. By this action certain biochemical characters were lost and after appropriate 
treatment these lost abilities were regained in a gradual and quantitative manner. Specific 
amino-acid requirements seldom appeared and were never absolute. 

In the present paper experiments in which a strain of Bact. coli was irradiated with ultra- 
violet light in an attempt to obtain nutritional mutants are described. Bact. coli differs 
from Bact. lactis aerogenes in that it is more reluctant to grow in a simple synthetic medium 
containing ammonia as nitrogen source when introduced for the first time and requires a 
period of training of about 20—30 subcultures before the optimal growth rate is obtained. 
In comparison, the growth rate of a normal Bact. lactis aerogenes has usually reached the 
optimal value within 5—10 subcultures. It seemed to be a reasonable assumption that an 
organism which grew less readily in the synthetic medium than Bact. lactis aerogenes might 
develop nutritional requirements more easily when irradiated. This was one reason why 
Bact. coli was chosen; other reasons were that of the experiments described in the literature 
in which the isolation of nutritional mutants has been claimed, many have been carried 
out on this organism, and also the two techniques for concentrating nutritional mutants, 
namely, the “‘ screening ’’ method (Lederberg and Tatum, J. Biol. Chem., 1946, 165, 381) 
and the penicillin method (Davis, J. Amer. Chem. Soc., 1948, 70, 4267), were devised by 
using this organism. 

The investigation described in this part is more extensive than in Parts I—IV in that a 
much larger number of strains has been isolated and tested, but these strains have been 
examined less intensively in that the emphasis has been entirely on nutritional requirements. 
Strains both fully adapted and unadapted to a simple synthetic medium containing 
ammonia as nitrogen source were irradiated. 

At the same time the effect of the degree of irradiation on the frequency of mutation 
and the efficiency of various techniques for the isolation of mutants were examined. These 
are discussed in Part VI. 

The General Characteristics of the Isolated Strains.—From a series of irradiation experi- 
ments which are summarised in Table 1, 1092 strains were isolated by various techniques 
and were tested for their growth requirements by methods to be described later. 

These strains may be classified into several groups : 

(1) Strains which grew in the standard synthetic medium on inoculation from broth. 
(2) Strains which grew in the standard synthetic medium when it was supplemented with 
asparagine. (3) Strains which grew in asparagine-glutamic acid medium. (4) Strains 
which required other amino-acids as supplements. 

Group 4 may be further subdivided : (a) Growth took place when the synthetic medium 
was supplemented by any one of several amino-acids. (b) One specific amino-acid was 


* Part IV, /., 1951, 1173. 
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TABLE 1. Summary of irradiation experiments. 


Expt. no. Fraction surviving Method of isolation * No. of strains tested Mutants + 
1 3 x 10% 

‘0 x 10° 

x 10° 


x 107 
x 107 


x 107 


o 
SAS tom » WI 


a+ 


” 


x 10° 
x 10% 


aSoanm 


SOBS WOOO BSS CONSS HHO OO So ONE 


acne i OS. & OO ae 
mPa SSe1 SOSSe 


oe 


- D> 
xm«M KKKK KKKXKXK 
in i ii PO me OMRON BRO DA AAO 


_— 
sao 


Total number of strains tested: 1092 
” * mutants: 78 
* A, Direct plating on heart broth agar. B, Direct plating on heart broth agar after growth in 
“‘Lemco”’ broth. C, “ Screening.’’ D, ‘‘ Screening’ after a period of growth in ‘“‘ Lemco”’ broth. 
E, Penicillin method. 
+ Mutants—the strains which did not grow in the standard synthetic medium on inoculation from 
“Lemco ”’ broth : 


Trained strain irradiated : Expts. 1, 2, 3, 4, 5, 6, 9 & 10. 
Untrained Pe Expts. 7 & 8. 


necessary. (c) Several specific amino-acids together were necessary. (d) Casein hydro- 
lysate—a mixture of amino-acids and growth factors—was necessary. 
The number of strains falling into each group is : 


Group 4 





Group 1 Group 2 Group 3 a b d Total 
1014 7 47 5 14 1 1092 


The 1014 strains in Group 1 were not examined further. The remaining 78 strains 
appear to have a wide range of requirements of varying degrees of complexity. A list is 
given in Table 2. Whether these requirements are of a permanent or transitory nature is 
discussed in a later section. In drawing up the classification the following procedure was 
adopted. If a strain grew with asparagine it was included in Group 2, even although it 
would also grow with asparagine-glutamic acid and single amino-acids as alternatives. 
Likewise, a strain which grew in the presence of asparagine-glutamic acid or single amino- 
acids was included in Group 3. None of the strains in Group 4 grew in the presence of either 
asparagine or asparagine-glutamic acid alone. 

Normal strains of Bact. coli can always utilise asparagine as nitrogen source, although 
the ability to utilise ammonia varies from strain to strain. A training process is usually 
necessary before growth takes place with optimal efficiency when an ammonium salt is the 
nitrogen source. The strain used in the present investigation was capable of growth in the 
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standard synthetic medium (ammonium sulphate as nitrogen source) on inoculation from 
broth, but about 20 subcultures were necessary before the optimal growth rate was obtained. 
Of the 1092 strains isolated, 78 had lost this ability to grow in ammonia, and of these all 
but 7 (Group 2) were even unable to utilise asparagine. It is interesting to note here that 
of the remaining 71 strains, 47 (Group 3) grew in asparagine-glutamic acid medium. 
In the experiments on Bact. lactis aerogenes reported in the previous paper (J., 1951, 1159) 


TABLE 2. Nutritional requirements of mutant strains. 


Lag (hr.) in standard synthetic 
Supplements with which Lag medium * 
growth took place (hr.) Sub. 1 Sub. 2 Sub. 3 
Asparagine + glutamic acid 15—24 _ as 
Leucine 15—24 -- 
As gine 6—15 <7 
All amino-acids 65—85 
P 34/2 Tryptophan 6—15 
Cysteine 55—65 
Asparagine + glutamic acid 55—65 
Leucine 111—120 


P 34/7 As ine + glutamic acid 28—42 
Valine 28—42 
Leucine 28—42 
Tyrosine 28—42 
isoLeucine 28—42 
Threonine 28—42 
Hydroxyproline 28—42 
Tryptophan 42—49 
Histidine 42—49 
Serine 70—77 
Cysteine 112—120 
Asparagine 124—139 

P 34/80 Leucine 30-—46 
ere 10—21 

P 34/136 1 pene ell F + glutamic acid <9 No growth 

amino-acids §—21 No growth 

ae 39—48 No growth 
Valine 48—57 16—24 
Asparagine 48—57 40—48 
Lysine 48—57 No growth 
Leucine 48—57 No growth 


P 34/187 Sepornaine + glutamic acid 8—22 No growth 
Lysine 8—22 39—47 


P 34/190 Leucine 46—54 <15 


P 34/426 Asparagine + glutamic acid <16 No growth 
All amino-acids <16 <30 

P 34/509 All amino-acids and growth <15 No growth 

factors 

Casein hydrolysate <15 No growth 

P 34/529 Valine 16—37 <il4 
Threonine 16—37 15—23 

P 34/628 Valine 24—42 35—44 
isoLeucine 72-88 <15 
Threonine $6—111 <15 
Asparagine 168---192 <24 

P 34/768 Histidine 24—42 120—136 
Valine 24—42 120—136 
Leucine 64—72 96—120 
Cysteine 96—111 48—72 
tsoLeucine 96—111 48—72 
Tryptophan 130—154 Not tested 
Tyrosine 130—154 Not tested 
Methionine 130—154 Not tested 

P 34/778 Asparagine + glutamic acid 4—24 24—38 
Not tested in other amino-acids 


P 34/789 Asparagine + glutamic acid 4—24 24— 38 
Not tested in other amino-acids 


Feriiiii 
woo 
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TABLE 2—continued. 


Supplements with which 
growth took place 
Asparagine + glutamic acid 


” 


Strain 
No. 

P 34/1011 
1028 
1059 
1061 
1067 
1072 
1073 
1074 
1080 
1104 
1108 
1110 
1113 
1134 
1143 
1149 
1167 


Lag (hr.) in standard synthetic 
medium * 
Sub. 2 
<15 
, <15 
¢ <I15 


” 


Lag 
(hr.) 
<15 


Sub. l 
<24 


Sub. 3 
<15 
<15 


<15 


<15 
<24 
<15 


” 


<15 

<15 

4 

No growth 
72—96 
15—24 

No growth 

No growth 

No growth 


<24 
<15 


The strains in this ‘group were only tested with asparagine as supplement and in asparagine- 


glutamic acid medium. 


P 34/1026 
1047 
1084 
1106 
1107 
1112 
1114 
1154 


P 34/1045 
P 34/1055 


Tryptophan 


’ 


” 


All amino-acids 


Tyrosine 
Tryptophan 
Asparagine 


P 34/1064 
1157 
1161 


These strains were only tested in asparagine. 


P 34/1091 Tryptophan 


tsoLeucine 
P 34/1156 All amino-acids singly 
All amino-acids together 


P 34/1206 Asparagine + glutamic acid 


1302 - 
The strains in this group were only tested 
glutamic acid medium. 


144—159 


<15 72—87 
24—39 
<24 
57—72 
15—24 
72—87 
24—39 
144—159 
144—159 


<16 
2444 
<15 
<15 
<15 


<15 
24—39 

<15 
53—68 

<15 
<16 


<15 
<15 


<15 


<15 
<15 


<15 


<15 


<15 
No growth 
<15 
No growth 
<15 
<15 
<15 
<15 
No growth 
No growth 
No growth 
24—39 
No growth 


No growth 
o <15 
” <15 
” No growth 
- No growth 
with asparagine as supplement and in asparagine— 


<15 
<15 
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TABLE 2—continued. 
Lag (hr.) in standard synthetic 
Strain Supplements with which g medium * 
no. growth took place k Sub. 1 Sub. 2 
P 34/1211 Arginine <15 
P 34/1233 Tryptophan 
1252 
1256 er 
P 34/1240 Tryptophan 
Leucine 
P 34/1258 Hydroxyproline 
P 34/1265 Tryptophan 
Leucine 


” 


* A dash (—) indicates that no test was made. 
Sub. 1 means the first subculture after growth in the supplemental medium. 


no strain was isolated which did not grow readily in the presence of asparagine and glutamic 
acid. 

Group 4 presents an almost continuous spectrum of growth requirements. For example, 
in Subgroup (a), although asparagine and glutamic acid are not able to provide sufficient 
stimulus to initiate growth, other amino-acids may doso. The requirement is not specific, 
and there is a gradation within the subgroup. Thus strain P 34/1156 (Table 2) grew in the 
standard synthetic medium when supplemented singly by any of the 16 amino-acids tried, 
and strain P 34/768, when supplemented singly with 8 of these 16 amino-acids. Strain 
P 34/529 seemed to require either valine or threonine, and strain P 34/1055 either tyrosine” 
or tryptophan. From this subgroup we pass to Subgroup (b), where one specific amino- 
acid is necessary, and from there to Subgroup (c), where more than one specific amino-acid is 
necessary. In Subgroup (c) the exact combination of amino-acids required was not worked 
out, t.e., if growth was not obtained with a single amino-acid, a mixture of all the amino- 


acids was tried. It is possible that several combinations may have sufficed. With Sub- 
group (d) we reach the extreme of the spectrum; the member of this group, P 34/509, was 
incapable of growth in a mixture of all the amino-acids. Neither did it grow in a mixture of 
the growth factors biotin, aneurin, nicotinic acid, pyridoxine, inositol, and calcium D-panto- 
thenate, but grew when all the amino-acids and growth factors were combined or when a 


commercial casein hydrolysate was used as supplement. That the requirement was not a 
single amino-acid together with one or more growth factors was shown by testing synthetic 
mixtures containing these combinations. So far the exact requirements have not been 
ascertained, but it seems likely that they are complex and comprise a combination of several 
amino-acids and growth factors. 

In some of the cases in which several amino-acids could each serve as the supplement 
the lag with one amino-acid was shorter than with the others. To assume, as is sometimes 
done, that the amino-acid with which the lag is shortest constitutes the nutritional require- 
ment would be erroneous, since in most cases the amino-acids were quite unrelated. 

Many reports in the literature on the irradiation of Bact. coli with ultra-violet light do not 
give a clear indication of the state of the strain used, i.e., whether the strain was fully 
adapted to a specific synthetic medium or not. There are other researches in which 
asparagine was the nitrogen source used, with the result that the bacteria would not be 
fully adapted to ammonia. It is possible that the degree of adaptation might have an 
influence on whether or not nutritional requirements were induced on irradiation. To 
investigate this possibility experiments were carried out with a strain of Bact. coli not 
trained to ammonia. The classification above may now be subdivided further as follows : 


Group 4 





Group 1 Group2 Group 3 
Trained strain 44 
Untrained strain 3 


47 
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Whilst the incidence of mutants totally unable at the first subculture to grow in the 
standard synthetic medium was actually lower in the experiments on untrained bacteria, it 
is interesting that the strain with the most complex growth requirements was obtained from 
one of these experiments. Since other factors, such as the method used for isolating 
the mutants, and the degree of irradiation, are also involved in any comparison between 
trained and untrained bacteria, further discussion will be deferred to Part VI, in which 
these factors are specifically examined. 

It is possible that a strain of bacteria, not trained to a synthetic medium, may contain 
cells unable to grow in that medium, which would be eliminated during the training process. 
In other words, it is necessary in experiments with untrained bacteria to prove that any 
variants isolated were not present before the application of the deleterious agent. To 
investigate this point the untrained strain was plated out in a complete agar medium (to 
give normal and deficient cells equal opportunity for growth) and 200 colonies were isolated 
and tested. They all grew in less than 15 hours in the standard synthetic medium and 
hence it can be concluded that the variants isolated in the earlier experiments were 
produced by the action of ultra-violet light. 


EXPERIMENTAL 


Organism.—A strain of Bact. coli was used. Its biochemical reactions were: M.R. +, 
V.P. —, indole +, citrate —. This strain fermented D-arabinose, xylose, glucose, mannose, 
galactose, maltose, lactose, sorbitol, and rhamnose, producing acid and gas but neither acid nor 
gas was produced from raffinose, sucrose, cellobiose, inositol, or dalcitol. 

Cultivation of Organism.—The organism was trained to the standard synthetic medium by 
serial subculture at 40°, a stream of sterile air being passed through the medium. Training was 
considered to be complete when the optimal growth rate corresponding to a mean generation 
time of 40 minutes was reached; this generally required 20—30 sub-cultures. In experiments 
on untrained bacteria, 3 loopfuls of a ‘‘ Lemco ”’ broth culture were inoculated into the standard 
synthetic medium and the latter kept at 40° until growth had ceased. 

Media.—The standard synthetic, asparagine-glutamic acid, minimal agar, and complete 
agar media have been described in Part II (J., 1951, 1159). Amino-acid media were prepared 
by supplementing the standard synthetic medium with the following amino-acids: arginine, 
asparagine, cysteine, glutamic acid, histidine, hydroxyproline, isoleucine, leucine, lysine, methio- 
nine, proline, serine, threonine, tryptophan, tyrosine, and valine, either singly or in admixture 
and at a concentration of 0-1 g. of each amino-acid per 1. The amino-acids were in most cases 
D + L—mixtures. 

Production and Isolation of Mutants.—The methods used were those described previously 
(J., 1951, 1159). 

Testing of Mutants.—One loopful of the appropriate broth culture (of the order of 10° cells) 
was inoculated into 10 ml. of the standard synthetic medium, and the latter incubated at 37° 
for 2 weeks. Ifno growth took place the culture was inoculated (1 loopful) into 10 ml. of aspara- 
gine-glutamic acid medium and also into 10-ml. portions of the standard synthetic medium 
supplemented by the various amino-acids. These cultures were also incubated at 37° for 2 weeks. 

When growth took place in a culture, that culture was inoculated into the synthetic medium 
(10 ml.) and if growth again took place serial subculture was carried out twice more to determine 
whether the strains would now grow in the absence of the growth requirement. In all cases the 
inoculum was | loopful. 

Some strains were only tested in the synthetic medium supplemented with asparagine and in 
asparagine—glutamic acid medium. This is indicated in Table 2. 


PuyYsIcAL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. [Received, January 29th, 1952.) 
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534. Induced and Other Variations in Bacterial Cultures. Part VI.* 
A Comparison of the Efficiency of the Methods for Isolating Nutritional 
Mutants. 

By A. C. R. DEAN. 


The efficiency of the penicillin and “ screening ’’ methods for the isolation 
of nutritional mutants is compared. About 1 in every 8 strains isolated by 
the penicillin method was a nutritional mutant. With the “ screening ”’ 
method the frequency was about | in 19 and when no procedure for concentrat- 
ing nutritional mutants was used the frequency was about 1 in 73. 

It made little difference whether a period of growth in a complete medium 
between irradiation and plating was or was not included in the isolation 
technique. 

Within the limits of the experiments the degree of irradiation did not 
appear to influence the percentage of mutants among the surviving cells. 


Various techniques have been devised for facilitating the isolation of nutritional mutants. 
It is now possible to make a comparison of the efficiency of these methods on the basis of 
experiments with Bact. coli which are on a more extensive scale than the earlier experiments 
with Bact. lactis aerogenes (J., 1951, 1159). 

The methods in question may be summarised thus: after irradiation the suspension 
may be: (1) plated out directly on a complete agar medium ; (2) plated out on a minimal 
agar medium, then incubated, layered with a complete agar medium, then re-incubated 
(t.e., ‘ screening ’’); and (3) treated with penicillin and then plated out on a complete 
agar medium. 

In method 1 a mixture of colonies derived from mutant and non-mutant cells is 
obtained. In method 2 the colonies which appear after the addition of the complete agar 
layer are the mutants, and with method 3 all the colonies should be mutants, the penicillin 
having destroyed the non-mutants. In methods 1 and 2 a period of growth in a complete 
medium may be allowed before plating. In the penicillin experiments growth in a complete 
medium was always included in the technique. 

The “‘ screening ’’ method and the penicillin method are those which have been reported 
on most favourably in the literature (see Lederberg, Ann. Rev. Microbiol., 1949, 3, 1; 
Plough, Young, and Grimm, J. Bact., 1950, 60, 145). Since at this stage we are concerned 
only with the efficiency of the two methods in separating out the nutritional mutants, 
it is unnecessary to consider the other variables, such as the duration of the irradiation, 
and whether growth in a complete medium was included in the technique. These two 
methods are compared in Table 1. 


TABLE 1. 


No. of strains which technique No. of strains unable to grow 
Technique indicated as mutants in standard synth. medium % 
“* Screening ”’ 56 3 5-4 
Penicillin 527 68 12-9 


From these results it will be seen that only about one strain out of every 19 which the 
screening method indicated as nutritional mutants was unable to grow in the standard 
synthetic medium. In the penicillin method the frequency was 1 in about 8. For com- 
parison, in the experiments where no procedure was used for concentrating mutants 
(method 1), 7 strains unable to grow in the standard synthetic medium were obtained out of 
509 tested, t.e., about 1 in 73. 

The penicillin method appears to be the most efficient, and from the purely practical 
point of view it is the method of choice, since it involves less labour. Davis, the originator 
of the penicillin method (J. Amer. Chem. Soc., 1948, 70, 4267) has claimed that over 80% 
of the colonies of Bact. coli which survived the drug treatment were mutants, whilst 
Lederberg and Zinder (ibid., p. 4267), using a similar technique with strains of Salmonella, 


* Part V, preceding paper. 
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found that approximately one-half of the survivors were unable to grow in minimal 
medium. In the present experiments the frequency was about 1 in 8. It is possible that 
the question of standards to be adopted for mutants, which has already been discussed in 
Part II (J., 1951, 1159), may also be involved here. It will be of interest to consider the 
lags of the survivors from the various experiments in which the penicillin technique was 
used. They are given in Table 2. 


TABLE 2. Lags in the standard synthetic medium of strains isolated by the penicillin method 
after ultra-violet irradiation. 


Lag (days) 
ae ‘ No growth 
2—3 3—4 over 4 in 2 wks. Total 
No. of strains 23 13 51 68 527 





From these results it will be seen that, according to the standards adopted, the frequency 
of mutants could be increased. In these experiments the most rigid standards were used, 
namely, the strains were incubated for up to 2 weeks before it was assumed that growth 
would not take place. Growth did not begin in any of the experiments after 10 days. 

Table 2 includes all the strains isolated in the various experiments in which the penicillin 
method was used. Some of these experiments were carried out by irradiating a strain of 
Bact. coli which had not been trained to grow with optimal efficiency in the standard 
synthetic medium. Although, as has been mentioned previously (Part V), when this un- 
trained strain was plated out (without irradiation) and 200 colonies tested, the lags in the 
standard synthetic medium were all less than 15 hours, it is possible that the survivors after 
penicillin from an irradiated culture of an untrained strain might have longer lags in the 
standard synthetic medium than the survivors from a trained strain. That this was not 
the case is shown in Table 3 in which the figures of Table 2 have been rearranged. 


TABLE 3. 
Lag (d 
haa No growth 
2—3 3—4 over 4 in 2 wks. Total 





No. of strains : 


Trained 2 20 11 31 64 300 
Untrained ; 3 2 20 4 227 


With regard to the screening method, Lederberg and Tatum, in the original paper 
(J. Biol. Chem., 1946, 165, 381), state that in the case of Bact. coli, most, but not all, of the 
colonies which appear after the addition of the complete agar layer have been demonstrably 
mutants, but there are indications that highly unstable mutants occur, which would behave 
like the parent strain after their initial isolation. This may explain why in these experi- 
ments only one strain out of 19 which the technique indicated as mutants was unable to 
grow in the standard synthetic medium. There is also the difficulty in any screening 
technique of deciding how long to leave the cells in the minimal medium before adding the 
complete agar layer. If too long a time is allowed some of the nutritional mutants may die ; 
if the time is too short the lag phase of some cells, which might have grown in the minimal 
layer, may not be overcome, and hence they would be isolated as mutants. In the experi- 
ments described here a compromise was reached by allowing 24 hours’ growth in the minimal 
agar layer. The lags of the survivors from the screening experiments are reported in 
Table 4. 


TABLE 4. 


ee (days) No growth 
2—3 3— 4 over 4 in 2 wks. 





No. of strains : 
Trained 2 0 0 3 
0 0 0 


Comparison of Tables 3 and 4 will show that the survivors from the screening experiment 
either grew in the standard synthetic medium within 3 days, or did not grow at all, whereas 
in the experiments in which penicillin was used some of the survivors had lags of longer than 
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4 days, but eventually grew in the synthetic medium. Actually some of these cells grew 
after 8—9 days. These longer lags may be due to the treatment with penicillin. For 
comparison, in the experiments in which no method for concentrating mutants was used, 


7 strains were unable to grow in the synthetic medium and the remaining 502 strains grew 
within 1 day. 


TABLE 5. The influence of growth in a complete medium, between irradiation and plating, 
on the number of mutants. 
Expt. * Method of No. of Lag ¢ ays) No growth 
No. isolation strains tested p in 2 wks. 
3 Screening : (a) 0 
(6) 0 





4 Direct plating : (a) 
(b) 


5 Direct plating : (a) 
(6) 


Screening: (a) 5 
(b) 1 
* These numbers correspond to the Experiment nos. in Part V, Table 1. 


(a) A period of growth in a complete medium was included. 
(6) No period of growth in a complete medium was included 


It has been claimed by some workers (Demerec and Latarjet, Cold Spring Harb. Symp., 
1946, 11, 38; Demerec, Proc. Nat. Acad. Sci., 1946, 32, 36) that, after irradiation and before 
plating, the bacterial suspension should be grown in a complete medium. In some of the 
experiments reported here this procedure was adopted ; in others it was not. A comparison 
can therefore be made. Torule out the possibility that the results may have been influenced 


TABLE 6. The effect of the degree of irradiation on the production of mutants. 


Trained strain Untrained strain 
Fraction surviving No. tested Mutants No. tested Mutants 
Penicillin method. 
1-6 x 10° 
107°—107* 
107—10° 
10%—10-* 
10-*—10°5 
105—10°* 
10*—107 
107—10°* 
6-0 x 10°° 
Direct plating. 
10° (no irradiation) 
10*—107 
107—-10°* 


Growth in a complete medium and direct plating. 
10*—107 80 
107—10°* 60 

Screening. 

10*—107 18 
107—10* 1 
10*— 10° 4 

Growth in a complete medium and screening. 
10-*—10°% 3 
10*—107 2 
10-7—10°* 5 

a, First experiment. b, Second experiment. 


In the penicillin and screening methods the strains tested were only those which the technique 
had indicated as mutants. 


|| | | eooeoe 


by other factors it will be safer to consider only those experiments in which the sole 
difference between the techniques was a period of growth in a complete medium. There 
were 3 such experiments, and they are summarised in Table 5. It appeared that it made 
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little difference whether a period of growth in a complete medium was or was not included 
in the isolation technique. 

The Effect of the Degree of Irradiation on the Production of Mutants.—Hollaender and 
Emmons (Cold Spring Harb. Symp., 1941, 9, 179) have claimed that in fungi the production 
of mutants with increasing doses of ultra-violet radiation rises, reaches a plateau, and then 
falls off again. The experiments described previously should show whether this factor is 
involved, since in them the time of irradiation was progressively increased until the number 
of survivors was reduced from 10® to less than 10 per ml. In Table 6 the results of all the 
irradiation experiments are summarised with this end in view. Since, as has been shown 
earlier, the methods for the isolation of mutants are not equally effective, the experiments 
have been classified into groups in which the same method of isolation was used. 

The general impression to be gained from the experiments in which the penicillin method 
was used is that the frequency of mutants when trained bacteria are irradiated increases as 
the fraction surviving is reduced from 10 to 10, and then decreases. However, these 
experiments were not all carried out on the same suspension, and it is possible that they are 
not strictly comparable. In the first experiment the frequency of mutation when the 
fraction surviving was between 107 and 10 was 17-6%, and when the fraction surviving 
was between 10°° and 10° it was 21-4%. In the second experiment at a fraction surviving 
of between 10? and 10°° the percentage of mutants was 30-0 and in the range of 10° to 10 
it was 34-0. In contrast, in the experiments on untrained bacteria, which were all carried 
out on the same suspension, it was at the lowest fraction surviving investigated that the 
frequency was greatest. Since in these experiments there was a period of growth in a 
complete medium, these comparisons will only be valid if the mutants have similar lags and 
grow at the same rate in each test, or if they behave like non-mutants in a complete 
medium. 


The results with the other techniques are so varied that when taken into consideration 
along with the results from the penicillin experiments it is difficult to point out any influence 
of the degree of irradiation on the number of mutants isolated. 
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535. Induced and Other Variations in Bacterial Cultures. Part VII.* 
The Stability of the Nutritional Requirements of the Strains isolated 
after Irradiation of Bact. coli. 


By A. C. R. DEAN and Sirk CyriL HINSHELWOOD. 


Of the 78 strains of Bact. coli (Part V) initially showing nutritional 
requirements (amino-acids) out of 1092 tested after irradiation with ultra- 
violet light, two only have proved so far to be stable. The others were 
re-trained to grow in a synthetic medium of glucose, phosphate buffer, 
ammonium sulphate and magnesium sulphate by processes varying in 
complexity from a single subculture in presence of the requirement to 
successive subcultures through progressively simpler media. An almost 
continuous spectrum of stability is shown, and the return to maximum growth 
rate in the synthetic medium is also gradual and continuous. The hypotheses 
of reversed mutation and adaptive repair of damaged enzyme systems are 
compared. 


It has been shown in Part V (J., 1952, 2817) that of the 1092 mutant strains of Bact. coli 
isolated by various methods 78 were unable to grow in a standard synthetic medium 
(glucose, phosphate buffer, ammonium sulphate, magnesium sulphate) on inoculation 
from ‘‘ Lemco”’ broth. They grew in this medium, however, when it was supplemented 
by amino-acids, and on the basis of their apparent nutritional requirements a provisional 


* Part VI, preceding paper. 





[1952] Bacterial Cultures. Part VII. 2827 


classification was drawn up. As in the previous study with Bact. lactis aerogenes (J., 1951, 
1169) the question now arises whether these requirements are of a permanent or transitory 
nature. Reference to Table 2 of Part V shows that when tested as soon as possible after 
isolation the nutritional requirements of 55 of these were so far from permanent that the 
strains grew in the standard synthetic medium after 1 subculture in an enriched medium. 

The other 23 strains appeared to have more stable nutritional requirements. In 
Table 1 the number of relatively stable and unstable mutants in each of the groups of the 
classification is summarised. 


TABLE 1. 
, Number of strains 

Group in ‘ ~ - 
classification Requirement Relatively stable Unstable 

Asparagine 

Asparagine—glutamic acid 

Any single amino-acid 

One specific amino-acid 

More than one amino-acid 

Complex 





A more detailed examination of the nutritional requirements of these 23 strains was 
then carried out. It will be convenient to treat the various groups in turn. 

In group 3 there were 20 apparently stable strains, but when they were re-tested after 
resting for 5 weeks in ‘‘ Lemco’”’ broth at room temperature, 8 of them were found to have 
lost their requirement for asparagine and glutamic acid. The remaining 12 strains, how- 
ever, would not grow in the standard synthetic medium and since they grew only to a 
very limited extent when this was supplemented with asparagine and glutamic acid (total 
population 5—10 x 10® bacteria per ml., compared with a normal value of about 3— 
4 x 10®) even after several subcultures in it, it seemed possible that the actual growth 
requirement was an impurity in either the asparagine or the glutamic acid. The strains 
were therefore re-tested in the standard synthetic medium supplemented by various amino- 
acids. The results are given in Table 2. In the presence of the nutrient named in this 
table a normal stationary population was obtained and thus, although asparagine and 


TABLE 2. 


No. of strains which grew in standard synth. medium 
Supplement No. of strains after 1 subculture in presence of supplement 
Arginine 


glutamic acid supported some growth, they were not the factors which resulted in optimal 
growth. 

Four of these strains grew in the standard synthetic medium after 1 subculture in the 
presence of the new supplement. The other 8 strains were re-tested again after remaining 
for a further 3 weeks in broth at room temperature and it was found that 1 strain which had 
previously required leucine was now able to grow without it. Further experiments were 
carried out on the remaining 7 strains. They were subcultured 4 times in the standard 
synthetic medium supplemented by all the amino-acids in admixture, and then were 
inoculated into the asparagine-glutamic acid medium. Three of the 7 strains grew in this 
medium, and after 3 subcultures in it were able to grow in the unsupplemented standard 
synthetic medium. These 3 strains had previously required valine, arginine, and serine 
or lysine, respectively. 

A further test of the stability of the remaining 4 strains in this group was next carried 
out. They were subcultured in the standard synthetic medium in the presence of their 
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growth requirement, and the concentration of the latter was gradually reduced to zero. 
This experiment is summarised in Table 3. 


TABLE 3. 


Stationary population (millions per ml.), », 


Subculture no. : ni 4 
P 34/1061 Arginine 196 
1228 


Strain no. Amino-acid 





Serine 123 
1285 Ms 64 
1294 “ 50 


Subculture no. : 








Ns, 

P 34/1061 — 
1228 150 

1285 am 

1294 143 


Subculture no. 2 
Concn. of amino-acid (mg. per 26 ml. of medium) 3 


Inoculum during serial subculture = 0-1 ml. 
Lag © = no growth during 14 days. 


By this method the number of stable mutants in this group had now been reduced to 2. 
Mutant No. P 34/1061, which requires arginine, will also grow in the presence of citrulline 
but not ornithine. The interrelationship of ornithine and citrulline in the biosynthesis of 
arginine by Neurospora has been reported by Srb and Horowitz (J. Biol. Chem., 1944, 
154, 129). 

Group 46 of the classification (one specific amino-acid as requirement) contained 
14 strains, 12 of which were unstable (see Part V, Table 3). The other 2 strains, like some 
of the members of group 3, regained the ability to grow in the standard synthetic medium 
after a period of storage in ‘“‘ Lemco”’ broth. It has been observed previously in these 
laboratories that damaged bacteria recover, in some cases, when stored in broth. The 
simplest explanation is that lysis and re-synthesis occur during the storage. 

The growth requirements of the mutant in group 4d were complex, but after serial 
subculture in the asparagine—glutamic acid medium containing casein hydrolysate at a 
concentration which was gradually reduced to zero, it was able to grow in the asparagine— 
glutamic acid medium though not in the standard synthetic medium. 

It can thus be said that of the 78 strains with an apparent nutritional requirement, this 
appears, so far, to be permanent in only 2 cases (or 3 cases if we include the strain whose 
requirement has been reduced from casein hydrolysate to asparagine-glutamic acid). 
There were, however, various degrees of instability. Some of the mutants, when tested 
soon after isolation, regained the ability to grow in the absence of the amino-acid after 
1 subculture in its presence; with others a period of storage in a complete medium had 
also to be allowed. Some strains which did not yield to either of these two methods of 
treatment were trained to grow in the unsupplemented standard synthetic medium after 
subculture in a rich medium (all the amino-acids) followed by growth in the asparagine— 
glutamic acid medium. Finally, even this latter treatment did not prove sufficient with 
2 strains. They were eventually trained by serial subculture in the standard synthetic 
medium containing diminishing amounts of their own initial growth requirement. 

The mechanism by which this recovery takes place is of interest. The general behaviour 
of these unstable strains is very suggestive of that of the strains, which apparently required 
asparagine-glutamic acid (group 1), isolated from the earlier experiments on Bact. lactis 
aerogenes and described in the preceding papers in this series (J., 1951, 1157, etc.). The 
recovery of these strains was shown probably to be adaptive, but in the present examples 
there still remains the possibility that reverse mutation may be responsible, and the 
problem of mutation or adaptation must again be considered. 

First there were the 55 strains which were unstable when tested soon after isolation. 
These strains would always have been isolated as mutants even by the most rigid criteria 
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since they did not grow in the standard synthetic medium in the absence of the growth 
requirement until they had grown once in its presence. The treatment of these strains 
may be summarised thus : 


Colony on plate 


’ 


** Lemco”’ broth 
Y Y 


(a) Standard synthetic (b) Standard synthetic 
medium : No growth medium +- amino-acid: Growth 


| 


(c) Standard synthetic 
medium : Growth 





When first grown in the absence of the growth requirement 38 of these strains had lags 
of less than 1 day (this is of the same order as that expected from a normal organism with 
an inoculum of 1 loop); with 8 strains the lag was 1—2 days; with 4 strains 2—3 days and 
with 5 strains greater than 3days. In the second subculture the lag was usually of normal 
duration and in the third subculture it was normal with all the strains (Part V, Table 2). 

At first sight these results might suggest that a discontinuous mutation (reversion) had 
taken place at some stage between (b) and (c) (see diagram) and resulted in normal 
organisms. To investigate this, 9 of these strains were serially subcultured in the standard 
synthetic medium until their growth rates had reached the normal value. Mean generation 
times were determined at intervals during the training process. Results are given in 
Table 4. The behaviour is very similar to that found previously for mutants of Bact. 
lactis aerogenes with which, after a detailed investigation, it was shown that adaptation 
was the most economical hypothesis to explain the observed behaviour (J., 1951, 1157). 
The fact that the growth rates were not normal during the first subculture at which growth 
would occur in the unsupplemented standard synthetic medium is evidence at least that a 
single reverse mutation is not the mechanism by which the strains recover. 

The strains which, although unable to grow in the standard synthetic medium after 
the treatment outlined in the preceding diagram, grew in it after a more elaborate treatment 
[(i) storage in broth; or (ii) growth in a mixture of all the amino-acids followed by 
growth in asparagine-glutamate medium ; or (iii) growth in the standard synthetic medium 
containing diminishing amounts of the growth requirement], showed the same pattern of 
lags in the standard synthetic medium as the previous group. When the growth rates, 
during serial subculture, of some of these strains were examined, the behaviour proved to 
be identical with that of the strains in the first group (Table 4). 

Whether the 3 strains, which, so far, appear to have more stable nutritional require- 
ments, have sustained damage of a discrete genetic nature or whether they represent the 
extremes in a continuously graded series of changes in the molecular pattern of the cell 
substance, cannot be stated with certainty at present. But when the other results are 
taken into consideration the latter view seems much the more probable. It may be that, 
after a still longer period of storage in broth, these 3 more stable strains will become 
unstable. One of them, which originally required some factor or factors in casein 
hydrolysate, has been trained to grow in asparagine-glutamic acid medium. The other 2 
require arginine and serine respectively. 

Of 78 of these strains obtained by ultra-violet irradiation of Bact. coli, 7 grew in the 
presence of asparagine and 35 in asparagine-glutamic acid medium. It is of interest to 
compare these results with those reported earlier for Bact. lactis aerogenes. With the latter 
organism no mutants were isolated which did not grow readily in asparagine-glutamic acid 
medium. Besides the 42 strains of Bact. coli which grew in the presence of asparagine or 
asparagine-glutamic acid, 1 strain grew in the presence of any one of the commoner amino- 
acids, 1 strain in any of 8 amino-acids, 9 strains in either of 2 amino-acids, and 23 strains in 
1 specific amino-acid. One strain appeared to require a mixture of all the amino-acids, 
and one would only grow in the presence of casein hydrolysate. The commoner require- 
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ments of the 23 strains which grew in the standard synthetic medium when supplemented 
with 1 specific amino-acid were: tryptophan (11 strains), serine (4 strains), arginine 
(3 strains), and leucine (3 strains). 

The principal object of these experiments was the systematic investigation of the 
behaviour of the more exacting Bact. coli strain for comparison with the less exacting 


TABLE 4. Training of irradiated strains. 
Strain Subculture no. in M.g.t. Method of Group in 
standard synth. medium (min.) training ¢ classification 
4 2 
1 3 
l 
1 


1 


— 


to 


4 
4 
7 
3 
7 
6 
2 
1 
4 
7 
4 
1 
4 
8 


* Composite growth curve. 
+ Methods of training : 


1, One subculture in growth requirement, then serial subculture in standard synthetic medium. 

2, Storage in ‘‘ Lemco”’ broth, then serial subculture as in 1. 

3, 4 Subcultures in presence of all amino-acids, followed by 3 subcultures in asparagine-glutamic 
acid, then serial subculture as in 1. 

4, Serial subculture in standard synthetic medium containing diminishing concentrations of 
growth requirement. (The subculture numbers in the table denote the number of subcultures 
after the concentration of the growth requirement had reached zero, i.e., no. of subcultures 
after no. 7 in Table 3.) 


Bact. lactis aerogenes. They were not designed to yield crucial distinctions between the 
view, on the one hand, that instability of mutants and recovery of power to grow in 
unsupplemented media are due to reverse mutations of a discontinuous and random kind, 
and, on the other, the apparently opposed view that quantitative damage to enzyme systems 
occurs on irradiation and is repaired during the use of these damaged systems in actual 
growth. 

General considerations of probability favour the second view. The degree to which the 
cells become exacting on irradiation varies according to an almost continuous spectrum, 
and the pattern of recovery is one of continuous repair rather than of the emergence at any 
stage of a qualitatively different organism. The number and variety of genes which would 
be involved in these processes might be said to render the distinction between the two 
formally different views very indefinite. Furthermore, as regards the frequently alleged 
fortuitous character of the repair process, the whole technique of re-training strongly 
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suggests that opportunity has to be provided for the exercising in easy stages of the more 
seriously impaired enzyme mechanism, and that only in the rarest cases has an enzyme 
mechanism been completely extirpated (without death of the cell). 


PuysicaL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. (Received, January 29th, 1952.) 





536. Mechanism of Aromatic Side-chain Reactions, with Special Refer- 
ence to the Polar Effects of Substituents. Part XV.* Mesomeric 
Effects of Elements of the Oxygen Group. 

By Joun W. Baker, G. F. C. BARRETT, and (in part) W. T. Tweep. 


Syntheses of m- and p-methylthio- and -methylseleno-benzaldehydes and 
-benzoic acids are described. The values of 10K = k,/k, for the equilibria 


X‘C,H,CHO + HCN = X-C,H,CH(OH)-CN 


for X = H, p-MeO, p-MeS, and p-MeSe are, respectively, 4-40, 42-9, 38-1, and 
35-5 mole 1.-1. On the basis of the arguments developed by Baker and 
Hopkins (J., 1949, 1089) these prove that, contrary to earlier postulates, the 
+M effects of the sixth-group elements decrease in the order O > S > Se. 
The values of 10°K, viz., 4-27, 4-07, and 3-95 respectively, when the same 
substituents are in the m-position, are in the reverse order to that required by 
the undisturbed operation of the inductive —TJ effects of the substituents, 
indicating a second-order relay of the + M effect to this position. The derived 
order O > S > Se for the ratio K,/K,, confirms the new order of the +M 
effects, as also do the values of the dissociation constants, Kyiass, for the 
corresponding benzoic acids, which have been determined in 30% aqueous 
alcohol at 25°. 

The ultra-violet absorption spectra of these substituted benzoic acids 
have been plotted in the region 2000—3200A for comparison with the 
corresponding data obtained by Moser and Kohlenberg (/J., 1951, 804) for 
benzoic acids containing other electron-repelling substituents, and the results 
are shown to be consistent with the order O > S > Se for the + M effects. 
Proton affinity of OR is also shown to be greater than that of SR, and the 
general problem of electron release by these two groups is briefly discussed. 


WHEN the tautomeric effect of an atom possessing an unshared electron-pair suitably 
conjugated with an attached unsaturated system was first recognised (Ingold and Ingold, 
J., 1926, 1310) it was suggested (Ingold, Chem. Reviews, 1934, 15, 237) that the magnitude 
of such an effect could be correlated with the tendency of the atom to increase its covalency, 
a rough measure of which would be its ability to co-ordinate a proton and pass into the 
onium condition. A direct corollary of this early view was that, in any one group of the 
Periodic Table, the +7 effect of such an atom should increase with increasing atomic 
number since the outer valency electrons would become less and less under the restraint of 
the positive charge on the central atomic nucleus and so be more deformable the larger the 
atom. Development of the wave-mechanical treatment of electron behaviour showed that 
the effect is associated with the delocalisation of the p-orbitals of the atom by overlap with 
the x-electron orbitals of the attached unsaturated system. Such delocalisation as 
occurred in the ground state of the molecule was responsible for the permanent polarisation, 
the mesomeric effect (+M), whilst that further delocalisation which could occur in the 
transition state in reaction gave rise to the corresponding polarisability or electromeric 
effect (+E). The relative magnitudes of such +M and +E effects, however, 
were still based on the earlier views and hence the series +M, F <Cl < Br <I, 
OR < SR < SeR < TeR, etc., were assumed. 

Accumulation of experimental evidence (cf. inter alia, Bennett, Brooks, and Glasstone, 
J., 1935, 1821; Baker and Hopkins, J., 1949, 1089) forced recognition of the reverse order, 


* Part XIV, /., 1949, 1089. 
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viz., F > Cl > Br > I, for the +-M effects of the halogens. It therefore seemed probable 
that the postulated order for the +M effects of elements in other groups of the Periodic 
Table might also need reversing, and the present communication provides clear evidence 
that this is the case for the elements of Group VI. 

Baker and Hopkins (loc. cit.) called attention to the value of the cyanohydrin equilibrium 
with substituted benzaldehydes as a reaction which provides clear-cut evidence of the 
relative magnitudes of the +M effects of groups, and its success in elucidating the order of 
the +M effects of alkyl and halogen substitutents. Since the groups XMe, where X = O, 
S, or Se, are of the same general type as the halogens, 7.e., they possess (weak) —J and 
strong + M effects, it was considered that a study of equilibria in the system 


m- and p-MeX-CgH,CH:0 + HCN == MeX-C,H,-CH(OH)-CN 


should provide conclusive evidence regarding the magnitudes of the + M effects of oxygen, 
sulphur, and selenium. The argument is essentially of the same type as that employed by 
Baker and Hopkins (loc. cit.) for halogen substituents. Briefly, it is that the extended 
conjugation between the f-substituent, -XMe, the benzene ring, and the aldehyde side- 
chain in the free aldehyde (conjugation which, in the cyanohydrin, is restricted to the 
confines of the benzene ring) should stabilise the aldehyde p-MeX-C,H,°CHO relative to 
C,H,°CHO more than it stabilises p-MeX*CgH,-CH(OH)-CN relative to CgH;-CH(OH)-CN. 
Hence, with reference to the va‘ue of the equilibrium constant K = k,/k, for benzaldehyde— 
benzaldehyde cyanohydrin as standard, a p-substituent with a predominant +M effect 
should increase the value of K, and such increase should be greater the larger is its +M 
effect. In the m-position the major operative effect will be the —J effect, upon which 
may be superimposed any small second-order effect due to the inductive relay of real charges 
which arise from the +M effect. Hence the value of the ratio K,/Km, in which inductive 
effects are approximately cancelled out, for the various substituents MeX should be a 
qualitative measure of the relative magnitudes of the +M effect of X, being larger the 
greater this effect, and thus confirm any deductions made from the directly observed effect 
of the substituent in the f-position. 

Anisaldehyde, m-methoxybenzaldehyde, and p-methylthiobenzaldehyde are well known. 
Syntheses of the hitherto unknown methylthio- and methylseleno-benzaldehydes have 
been achieved by methods described in the Experimental portion of this paper. The 
general scheme was of the type : 

Diazotisation, Zn-NaOH Ag salt 


(-XC,H,:CO,H), -> MeX-C,H,-CO,H 


Na,S,; or KSeCN Me,SO, Mel 


NH,‘C,H,:CO,H 


nee NH,;NH, _ . , NR z Na,CO, 
Y-CO,Me ——"*> Y-CO-NH-NH, ————> Y-CO-NH-NH-SO,Ph ——> MeX-C,H,-CHO 


(X = Sor Se; Y = MeX-C,H,.) (cf. McFadyen and Stevens, /J., 1936, 584) 


The aldehydes were purified through their bisulphite derivatives and semicarbazones as 
described by Baker and Hemming (J., 1942, 191). Equilibrium constants were determined 
by using the microtechnique of Baker and Hemming and the results obtained are given in 
Table 1. 


TABLE 1. Equilibrium constants K = kg/k, for the reaction X-CgH,CHO + HCN a 


X°C,gH,y°CH(OH)-CN in constant-boiling alcohol at 20°. Catalyst = 2 drops (~0-02 g.) 
of NPr®, in 50 ml. of a solution initially 0-2M with respect to both aldehyde and HCN. 
X = H 
4:40 + 0-08 * 
mole/1.~ 
10°? AF (cals.) 
Ky/Kn 


* Previous values 4-47 (Baker and Hemming, /oc. cit.), 4-45 (Baker and Hopkins, Joc. cit.). 
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The value of 10°K for p-methoxybenzaldehyde is rather larger than that (31-2) given 
by Lapworth and Manske (J., 1928, 2533), although that for the m-methoxy-compound 
agrees with their value (4-28). 

The conclusion from this evidence is unequivocal. In the para-position all three 
groups greatly increase the value of K relative to that for unsubstituted benzaldehyde, 
indicating that all these groups have an overall electron-release effect. The order of this 
increase, X = O > S > Se (>H) clearly indicates +M effects which decrease in the same 
order. This is confirmed by the values of AF, calculated from the usual relationship 
AF = —RT In K, and by the values of the K,/K, ratios, which also decrease in the order 
X=O>S> Se (>H). 

In the meta-position all three substituents exhibit a weak, overall electron-attraction, 
O <S < Se, which tends to destabilise the aldehyde relative to its cyanohydrin (Baker and 
Hopkins, Joc. cit.). This order is the reverse of that of their —J effects. As a group these 
substituents fit into their expected place between H and #-Cl in the series of increasing 
electron attraction previously given by Baker and Hopkins (loc. cit., p. 1093), but it is 
evident that second-order relay of the +M effect from the m-position here completely 
reverses the order of their (weak) —TJ effects, whereas, in the halogens, it caused only a 
partial inversion (Br > Cl > I > F) of the order of the (stronger) —J effects of these 
Group VII elements. 

Dissociation Constants of the Acids MeX*C,H,-CO,H.—The route used for the preparation 
of the various benzaldehydes involved the intermediate preparation of the corresponding 
m- and p-substituted benzoic acids MeX-C,H,°CO,H, and confirmation of the conclusions 
reached in the study of the cyanohydrin equilibria was sought by determination of the 
dissociation constants of these acids. Dippy (J., 1937, 1776; Chem. Reviews, 1928, 14, 231) 
showed that, although the absolute values of the dissociation constants vary greatly 
according to the solvent used, the relative order of the dissociation constants of a series of 
acids of closely similar structure is generally unchanged in different solvents, and may 
safely be used for comparison of the polar effects of a series of substituents in a common 
parent acid. The combined polar effects of substituents of the —I, +M type on the acid 
strength of the substituted benzoic acid was first discussed by Ingold (J., 1933, 1120) for 
the case of p-anisic acid. He showed that, whilst the —J effect would increase the strength 
of the acid, the +M effect would weaken it, and the overall electron-release of a p-methoxy 
group, due to the preponderating influence of its +M effect, satisfactorily accounted for 
the fact that p-anisic is a weaker acid than benzoic acid. In the series of acids 
p-MeX:-C,H,°CO,H, therefore, we should expect the acid strength to decrease in the order 
p-MeX = (H) > MeSe > MeS > MeO in accordance with the increasing +M effects 
Se <S <0. In the corresponding meta-series, since the +M effect can operate, at the 
most, only as a small second-order effect, whereas the acid-strengthening —I effect can 
function almost as effectively as it can from the fara-position, all the acids 
m-MeX-C,H,°CO,H would be stronger acids than benzoic. The ratios K,,/K, for the various 
acids should again be a measure of the relative magnitudes of the +M effects of the 
atom X. 

We have determined the values of Keiass at 25-0° in 30°%, aqueous ethy! alcohol for these 
acids, a glass electrode being used for the determination of the pH of the solutions. The 


TABLE 2. Values of 10°K™ ins for MeX*C,H,°CO,H in 30 vol.%, aqueous EtOH. 

MeO MeS MeSe 

0-784 0-968 1-01 

1-93 1-81, 1-84 

2-5 1-87 1-82 
data are in Table2. The expectations regarding the strengths of these acids are completely 
confirmed. As in the cyanohydrin data, the values of both Keisss for the p-series, and the 
ratios K,,/K,, reveal a much larger decrease in the value of the +M effect in passing from 
oxygen to sulphur than from sulphur to selenium. Although the difference in the values of 
Kisss is almost within the experimental error, there is an indication that m-methylseleno- 
benzoic acid is a slightly stronger acid than m-methylthiobenzoic acid. On the basis of the 

8T 
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undisturbed operation of inductive effects only, the acid strengths in the meta-series should 
decrease in the order m-MeO > MeS > MeSe > H and the possible inversion of the 
positions of sulphur and selenium may indicate the superimposition of a small second-order 
relay of the mesomeric effect from the meta-position in this acid series. 

Ultra-violet Absorption Spectra of the Acids MeX*C,H,°CO,H.—During our investigations, 
Moser and Kohlenberg (J., 1951, 804) published data relating to the ultra-violet absorption 
spectra of some benzoic acids with electron-repelling substituents, including data for m- 
and p-anisic acids. The availability of the corresponding methylthio- and methylseleno- 
benzoic acids has made possible a comparison of the effect of the groups MeO, MeS, and 
MeSe on the position and intensity of the ultra-violet absorption bands of the substituted 
benzoic acids in the region from 2000 A towards the visible, not only amongst themselves, 
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but also with other electron-repelling groups. Moser and Kohlenberg used purified 95% 
alcohol as a solvent in the region from 2200 A towards the visible, and 99-5% distilled 
water + 0-5% of purified 95°% ethanol in the region 2000—2200 A. We have employed 
95% of distilled water + 5°% purified, constant-boiling ethanol throughout the whole range, 
since this solvent was found to give >95°% transparency even at 2000 A. The almost 
complete identity of our results with those of Moser and Kohlenberg for both the position 
of the absorption maximum and the intensity of the B-band of f-anisic acid justifies the 
direct comparison of their results with the new data we now record in Figs. 1 and 2 and in 
Table 3. 


TABLE 3. Ultra-violet absorption spectra characteristics of m- and p-R°CgHyCO,H in 
5% aqueous EtOH. 


B-Band C-Band 

loge Anon. log € 

2280 4-00 2710 2-88 

2490 4-13 

2760 4-16 

2900 4-05 

2300 3-76 

2540 3°92 

2600 3-77 

~ = Approximate point of inflection. 
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In the p-series, the C-band has been obscured, probably by overlap of the very broad 
B-band, whilst the A-band appears as only a small peak or a point of inflection. Since, 
however, Moser and Kohlenberg noted that the shift produced by any substituent is most 
pronounced and significant in the B-band, our attention was concentrated on this range of 
the spectrum. We accept their conclusion that the B- and the C-bands correspond to 
displacements of the 2035- and 2540-A bands, respectively, of benzene itself. It has been 
suggested that structural changes which increase the conjugation decrease the energy of 
excitation and result in a bathochromic shift of the B-band, but it is also recognised that 
inductive effects may change the location of the band. Comparison of the effects of 
methoxy-, methylthio-, and methylseleno-groups (Table 3) indicates that no single factor is 
determining such spectroscopic shifts. The increased conjugation resulting from the 
introduction of these groups in the #-position in benzoic acid does cause pronounced 
bathochromic shifts, coupled with increased intensities, of the B-band, but such 
shift increases in the order MeO < MeS < MeSe. Brand (J. pr. Chem., 1925, 109, 1) 
previously observed that the bathochromic shifts (from the ultra-violet to the visible) 
caused by the introduction of /-methylthio-groups into the triphenylcarbonium ion were 
greater than those produced by similar substitution of methoxy-groups; e.g., p-methoxy- 
triphenylcarbonium, Amax. 4700; p-methylthiotriphenylcarbonium, Amax. 5460 A. In view 
of our evidence that the +M effects of these groups decrease in the order 
MeO > MeS > MeSe it would seem fairly certain that such conjugation cannot be the sole 
factor which determines the magnitude of the bathochromic shift. Because of inadequate 
knowledge regarding the interplay of factors which contribute to the actual position of the 
band it seems more reliable to compare the observed shifts with those produced by similarly 
placed halogen substituents, groups of the same polar type. Such evidence as exists 
supports the conclusion that, although their +M effects decrease in the order 
F>Cl>Br>I, the magnitudes of the bathochromic shifts produced by these 
substituents decrease in the reverse order, viz., Br > Cl > F. Thus Moser and Kohlenberg 
found, for the B-band, in p-halogenobenzoic acids : Br, Amax. 2400, log ¢ 4-10; Cl, Amax. 2340, 


log <« 4:18. For halogeno-benzenes and -toluenes, Sponer and Teller (Review Mod. Phys., 
1941, 18, 149, 151) give the positions of the 0,0-bands as : 


PhH PhCl  PhBr PhMe -C,H,MeF  -C,H,MeCl p-C,H,MeBr 
27! 


Deen te)... S98 2699 2703 2668 2712 


55 2765 
Comparison of the data of Price, Tegan, and Walsh (Discuss. Faraday Soc., 1950, No. 9, 54, 
Fig. 1) for the B-bands of fluorobenzene with those of Price and Walsh (Proc. Roy. Soc., 
1947, A, 191, 22, Plate 2) for chlorobenzene again shows a greater bathochromic shift by 
chlorine than by fluorine. 

No simple explanation can be offered regarding the effect of MeX substituents in the 
meta-position. In general they exhibit the same trends as those observed by Moser and 
Kohlenberg for the m-substituted acids which they investigated. All three bands suffer a 
(smaller) bathochromic shift, the magnitude of which is in the order O < Se < S for the 
A- and the C-bands, and O < S$ < Se for the B-band. Similar irregularities are exhibited 
by the values of log e. 

During the progress of these investigations a theoretical treatment of the connection 
between the size of an atom and its mesomeric effect was published by Baddeley (J., 1950, 
663). His explanation, which basically is the same as that previously put forward by 
Hopkins (Thesis, Univ. Leeds, 1948, p. 135), is that the ratio R/r, where r is the single-bond 
radius of the atom and R is its packing radius, is a semiquantitative measure of the degree of 
overlap of the #-orbital with that of the z-electrons of the adjacent double bond. For the 
elements of the oxygen group this clearly indicated an order of decreasing +M effect 
O >S > Se > Te, which we have now conclusively confirmed experimentally for three of 
these elements. 

Baddeley also called attention to the fact that the ability of an atom to participate in 
double-bond formation by releasing electrons in the direction of an atom to which it is 
already covalently attached (i.¢., its +M effect) is not directly related to its ability to 
release electrons in other directions, and cited evidence for his conclusion that ‘‘ the oxygen 
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atom releases electrons more readily ‘in the direction of its covalent bonds than does the 
sulphur atom, whereas the latter provides the readier release of electrons in other 
directions.’’ Some results obtained by one of us (J. W. B.) in collaboration with 
Mr. W. T. Tweed (Thesis, Univ. Leeds, 1940, p. 50) are relevant to this conclusion.* Using 
the partition method (Baker, J., 1931, 307) for qualitative assessment of the relative 
affinities for a proton of phenyl and benzyl ethers and sulphides, we studied the partition 
of these compounds, under standard conditions, between ligroin and various concentrations 
of aqueous formic acid, in which acid the compounds dissolve, but from which they may be 
recovered unchanged by dilution with water. In both the phenyl and benzyl series a much 
larger proportion of the sulphide than of the corresponding ether was extracted into the 
ligroin layer, indicating the much smaller affinity of sulphur for a proton. Selected 
illustrative data, when 100% formic acid was used, are given in Table 4. The much larger 


TABLE 4. Partition of ArXR between ligroin and 100% formic acid. 


Proportion of ArXR in Proportion of ArXR in 
ligroin layer (%) ligroin layer (%) 

Compound x =O x=S5S Compound x =O x=S 
PhXMe 98 PhXPri 96 
Ph:CH,*XMe : 92 88 


diminution in the basic strength between the phenyl and the benzyl compound for the 
ethers than for the sulphides (e.g., Ph/Ph-CH, = 0-45 for O and 0-94 for S) is in harmony 
with the larger mesomeric conjugation of the oxygen atom with the phenyl group, which will 
greatly diminish the availability of the p-electrons for co-ordination with a proton. Thus 
oxygen would seem to release electrons towards a proton more readily than sulphur. It is 
common experience, however, that, whereas the stability of onium ions formed by 


+ + 
co-ordination with a proton is R,OH > R,SH, the reverse order applies in the case of 


R,O < R,S (R = alkyl). Three energy factors are concerned in such formation of onium 
complexes : t 


(i) the ionisation potential of the oxygen or sulphur atom, 
X —> X* +e (Lo, Is) 
(ii) the electron-affinity of the attached group 
R* + e—> R (R = H or alkyl) (E,) 
(iii) the bond strength of the linkage formed, *X—H or *X—C (D+xy, D+xo) 
For co-ordination of bivalent oxygen or sulphur with a proton we have : 
—I,o + Ey + D+on > —I, + Ep + D+sx 
1.é., —I, + D+on > —Is + D+su 


Owing to the nucleus-screening effect of the inner group of electrons in sulphur, J; is smaller 
than J, and hence, in this case, the order of stability of the different onium complexes is 
determined mainly by the difference in the strengths of the bonds formed, 1.e., 
D+on > D+sq. For co-ordination with an alkyl group experiment reveals that 


—I, + D+oc < —I, + D+s¢ 


The bond strengths *O—-C and *S-C are of much more comparable magnitudes than are 
*O-H and *S-H. Hence, in this case, the (reverse) order of stability of the onium 
complexes is determined mainly by the differences in the ionisation potentials, J, > Is. 

* The work of Coates (J., 1951, 2003), which appeared after this paper was written, is also of interest 
in this connection. 


+ This explanation was suggested to us by Professor M. G. Evans during early discussion of our 
results. 
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Such treatment is based on the assumption that a true covalent link is formed between 
the acceptor atoms and the oxygen or sulphur donor. Lennard-Jones and Pople (Proc. 
Roy. Soc., 1951, A, 205, 155), in a discussion on hydrogen bonding, have pointed out that 
lone-pair electrons are distributed in localised points of the molecule and project out in 
particular directions, and may be regarded as providing regions of negative charge ready 
to attract positive systems in the neighbourhood. Such interaction may be predominantly 
electrostatic in character and it is possible that the co-ordination compounds of bivalent 
oxygen and sulphur with a proton may be of this character, since the formation of a true 
covalent link would impose a formal positive charge on the highly electronegative oxygen 
atom. On this view the order of stability, O > S, for these compounds would be expected 
because of the greater intensity of the negative charge field on the oxygen. If, as seems 
likely, the co-ordination compounds with alkyl halides involve the formation of a true 
covalent link between the donor atom and carbon, these compounds would thus contain a 
different type of linkage and the reverse order of stability, S > O, would then be readily 
understandable on the lines indicated above. 


EXPERIMENTAL 


M. p.s are uncorrected. Analyses are by Drs. Weiler and Strauss, except those marked with 
an asterisk, which are by Mrs. Y. Richards, the University, Leeds. The large proportions of 
sulphur and selenium in these compounds seemed to interfere in a rather fortuitous manner with 
the analyses of some compounds, as the triplicate analyses on the same specimens of N-benzene- 
sulphonyl-N’-m-methylthio- and -m-methylseleno-benzoylhydrazide show. 

p-Methoxybenzaldehyde.—A commerical sample was purified first through its bisulphite 
compound and then through its semicarbazone, m. p. 203-5°. Regeneration from the purified 
semicarbazone as described by Baker and Hemming (loc. cit.) and distillation in nitrogen gave 
the pure aldehyde, b. p. 79-5°/0-2 mm. 

m-Methoxybenzaldehyde.—A commercial sample of m-hydroxybenzaldehyde was freed from 
a small amount of the p-isomer by fractional crystallisation from water. The purified 
m-hydroxybenzaldehyde (24 g.) in a solution of sodium hydroxide (10 g.) in water (500 ml.) 
was shaken with methyl sulphate (19 ml.) for 1 hour. The aldehyde remaining after removal of 
the ether from the dried ethereal extract had b. p. 78-0°/0-9 mm., after purification through its 
semicarbazone, colourless leaflets (from aqueous alcohol), m. p. 210° (Found: C, 55-7; H, 5-6; 
N, 21-8. Calc. for C,H,,O,N,: C, 55-9; H, 5-7; N, 21-8%). 

p-Methylthiobenzaldehyde.—pp’-Dicarboxydiphenyl disulphide was prepared by treatment 
of a diazotised solution of p-aminobenzoic acid (69 g.) with a solution of sodium polysulphide. 
prepared by the addition of sodium hydroxide (20 g.) in water (50 ml.) to a hot solution of 
crystalline sodium sulphide (130 g.) in water (150 ml.) (cf. Thompson, J. Soc. Chem. Ind., 1925, 
44, 196; cf. Org. Synth., Coll. Vol. II, lst Edn., p. 580, for the corresponding 00’-compound). 
In agreement with the literature the disulphide could be obtained only as an amorphous powder, 
m. p. 320° (yield, 55 g., 72%). 

p-Methylthiobenzoic Acid.—The above disulphide (52 g.) was heated under reflux with anhydrous 
potassium sulphide (32 g.) in alcohol (500 ml.) for 6 hours with mechanical stirring. The dark 
brown solution was filtered, most of the alcohol (300 ml.) distilled off, the concentrated solution 
poured into water (1 1.), and the thiol precipitated with hydrochloric acid, filtered off, and 
methylated by shaking with methyl sulphate (20 ml.) in 2N-sodium hydroxide for 1 hour. 
Acidification precipitated p-methylthiobenzoic acid (50 g., 81%) which crystallised from ligroin 
(b. p. 60—80°) in colourless leaflets, m. p. 192° (Smiles and Harrison, J., 1922, 121, 2024, give 
m. p. 190°) (Found: C, 57-2; H, 4-5. Calc. for C,H,O,S: C, 57-1; H, 48%). The silver salt 
of the acid was heated under reflux with methyl] iodide (50 ml.) in alcohol (500 mi.) for 6 hours 
with mechanical stirring. After filtration from the silver residues, which were washed with hot 
alcohol, the combined alcoholic solutions of the metkyl ester were concentrated to 300 ml. and 
refluxed for 10 hours with 50% hydrazine hydrate solution (50 ml.). Some alcohol (200 ml.) 
was distilled off and, when cooled, the remaining solution deposited the hydrazide (42 g., 83%), 
colourless needles (from alcohol), m. p. 158° (Found: C, 52-4; H, 5-6; N, 148. C,H,,ON,S 
requires C, 52-5; H, 5-5; N, 15-3%). The hydrazide (42 g.), dissolved in pyridine (150 ml.), 
was treated slowly at 0° with benzenesulphony] chloride (28 ml.), and the solution was kept for 
18 hours. Addition of this solution slowly, with rapid stirring, to 20% hydrochloric acid 
(300 ml.) and crushed ice (200 g.) precipitated N-benzenesulphonyl-N’-p-methylthiobenzoyl- 
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hydrazide (54 g., 80%), m. p. 237° (decomp.) after repeated recrystallisation from alcohol (Found : 
C, 52-1; H, 4:2; N, 9-4. C,4H,,O,N,S, requires C, 52-2; H, 4-4; N, 8-7%). The purified 
benzenesulphonylhydrazide (45 g.) was steam-distilled from 10% aqueous sodium carbonate 
(500 ml.) (carbon dioxide stream), and the distillate was extracted with ether. The residue 
from the dried ethereal extract solidified. Repeated crystallisation from ligroin (b. p. 80—100°) 
gave p-methylthiobenzaldehyde (16-3 g., 71%), m. p. 76° (Gattermann, Annalen, 1912, 393, 225, 
gives m. p. 78°) (Found: C, 63-3; H, 5-9. Calc. for CSH,OS: C, 63-2; H, 5-3%). Its semi- 
carbazone crystallised from alcohol in colourless leaflets, m. p. 213° (Gattermann, loc. cit., gives 
m. p. 213°) (Found: C, 51-2; H, 5-6. Calc. for C,H,,ON,S: C, 51-6; H, 53%). 
m-Methylthiobenzaldehyde.—This was prepared by a similar series of reactions. m-Amino- 
benzoic acid (69 g.) was converted through the disulphide (47 g., 60%), m. p. 242°, into 
m-methylthiobenzoic acid (45 g., 71%), m. p. 126° (in agreement with Smiles and Stewart, 
J., 1921, 119, 1795) (Found: C, 57-4; H, 4:8. Calc. for CgH,O,S: C, 57-1; H, 4-8%), and 
its hydrazide, m. p. 85—86° (37 g., 78%). N-Benzenesulphonyl-N’-m-methylthiobenzoyl- 
hydrazide (41 g., 72% yield) had m. p. 167° after crystallisation from alcohol (Found: C, 52-7; 
52-1; 52-1*; H, 3-9, 4-6; 4:3*; N, 8-8. C,,4H,,O,N,S, requires C, 52-2; H, 4-4; N, 8-7%). 
Hydrolysis of this with sodium carbonate afforded m-methylthiobenzaldehyde (63%), 
b. p. 90-0°/0-4 mm. (Found: C, 62-5; H, 5-5. C,H,OS requires C, 63-1; H, 5-3%), purified 
through its semicarbazone, m. p. 209° after crystallisation from aqueous alcohol (Found: C, 
51-5; H, 5-4; N, 20-4. C,H,,ON,S requires C, 51-7; H, 5-3; N, 20-1%). 
p-Methylselenobenzaldehyde.—pp’-Dicarboxydiphenyl diselenide, m. p. 295—296° after 
crystallisation from alcohol, was prepared from p-aminobenzoic acid (92 g.) by diazotisation and 
treatment with potassium selenocyanate by the method of Gaythwaite, Kenyon, and Phillips 
(J., 1928, 2286), who give m. p. 297°. The diselenide (103 g., 77%) was reduced with zinc 
dust (36 g.) in a boiling solution of sodium hydroxide (73 g.) in water (500 ml.) and was 
subsequently methylated with methyl sulphate (58 ml.). The product consisted of only ~50% 
of the methylselenobenzoic acid which was extracted with boiling benzene, in which the 
diselenide is insoluble. Gaythwaite, Kenyon, and Phillips (loc. cit.) state that the remainder of 
the product is the diselenide, but we found that repetition of the reduction and methylation of 
the residue gave only one-tenth of the yield of methylselenobenzoic acid obtained from 
the original diselenide. The -methylselenobenzoic acid (52 g., 44%) crystallised from 
ligroin (b. p. 60—80°) as colourless needles, m. p. 175° (in agreement with Gaythwaite et al.) 
(Found: C, 45-8; 44-7*; H, 3-7, 3-65*. Calc. for CgH,O,Se: C, 44:7; H, 3-7%). The acid 
(51 g.) was converted into its silver salt which was esterified as described above (30 ml. of methyl 
iodide in 300 ml. of alcohol), and the methyl ester was treated, without isolation, with 5% 
hydrazine hydrate solution (40 ml.), to give the hydrazide (22 g., 43%), colourless needles, m. p. 
138° after crystallisation from alcohol (Found: C, 42-2; H, 4:4. C,H,,ON,Se requires C, 
41-95; H, 4:-4%). Its benzenesulphonyl derivative (32 g., 88%) crystallised from alcohol in 
faintly brown crystals, m. p. 169° (Found: C, 45-4; H, 4:0; N, 7-4. C,4H,4O,N,SSe requires 
C, 45-5; H, 3-8; N, 7-6%). Hydrolysis of this gave p-methylselenobenzaldehyde (14 g., 79%), 
b. p. 100°/0-5 mm. (Found: C, 48-7; H, 4-3. C,H,OSe requires C, 48-3; H, 4-1%), the semi- 
carbazone of which, crystallised from aqueous alcohol, had m. p. 215° (Found: C, 42-4*; H, 
4-:2*; N, 16-2. C,H,,O,NSe requires C, 42-2; H, 4:3; N, 16-4%). 
m-Methylselenobenzaldehyde.—The method employed for the pp’-diselenide, when applied 
to m-aminobenzoic acid, gave large amounts of selenium from which the required product could 
not be isolated satisfactorily. The following method, in alkaline solution, gave satisfactory 
results. m-Aminobenzoic acid (75 g.), in concentrated hydrochloric acid (150 ml.) and water 
(700 ml.), was diazotised with sodium nitrite (36 g.) in water (250 ml.). After 0-5 hour the 
diazonium solution was added, with rapid stirring, to a solution of potassium selenocyanate 
(75 g.) in 20% sodium hydroxide (300 ml.). After 2 hours the product was precipitated by 
addition of hydrochloric acid with rapid stirring, freed from a small amount of selenium, and 
converted entirely into the diselenide (91 g., 85%) by dissolution in a boiling solution of 
sodium carbonate (30 g.) in water (700,ml.), boiling for 0-5 hour, and subsequent acidification 
with hydrochloric acid. Crystallisation from glacial acetic acid gave a product, m. p. 265°, asa 
light brown, micro-crystalline powder, which, however, seems to be converted into the mono- 
selenide when repeatedly crystallised, because the m. p. falls and the analytical data gradually 
approximate to those required for the monoselenide [Found: C, 50-6; H, 3-2. Calc. for 
C44Hy.O,Se: C, 52-3; H, 3-1. Calc. for C,,H,,O,Se, (diselenide): C, 42-0; H, 2-5%]. Reduction 
and methylation of the crude diselenide (91 g.) as described for the p-compound but extraction 
of the product with boiling ligroin (b. p. 60—80°) instead of benzene, afforded m-methylseleno- 
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benzoic acid (48 g., 48°) which crystallised from ligroin (b. p. 60—80°) in colourless plates, m. p. 
121° (Found: C, 45-1; H, 3-7. C,H,O,Se requires C, 44-8; H, 3-8%). This was converted, by 
the methods used for the p-compound, successively into the hydrazide (31 g., 63%) (Found : 
N, 11-8. C,H,ON,Se requires N, 12-1%), which crystallised from water as the dihydrate, 
m. p. 100° (Found: C, 36-6, 36-3; H, 5-4, 5-3; N, 10-7*. C,H,,ON,Se,2H,O requires C, 36-3; 
H, 5-3; N, 10-6%), benzenesulphonylhydrazide (35 g., 68%), m. p. 158° (Found: C, 45-4, 44-0*, 
45-8*, 46-4*; H, 4-2, 2-7*, 3-6*, 4-2*; N, 8-2, 7-6*. C,,sH,,O,N,SSe requires C, 45-5; H, 3-8; 
N, 7-6%), and m-methylselenobenzaldehyde (13-6 g., 71%), b. p. 78—79°/0-1 mm., m. p. ca. 10° 
(Found : C, 48-1*; H, 4-1*. C,H,OSe requires C, 48-3; H, 405%), the semicarbazone of which 
crystallised from aqueous alcohol in needles, m. p. 206° (Found: C, 42-2; H, 4-4; N, 16-5. 
C,H,,ON,Se requires C, 42-2; H, 4:3; N, 16-4%). 

All the aldehydes were regenerated from their highly purified semicarbazones by steam- 
distillation from 5% oxalic acid in a current of carbon dioxide and were subsequently distilled 
under reduced pressure (nitrogen) immediately before the setting up of each equilibrium 
experiment. Not less than five independent determinations of the equilibrium position were 
made in each case. 

For spectroscopic work the benzoic acids were repeatedly recrystallised from ligroin (b. p. 
60—80°) to sharp, constant m. p.s recorded above. The constant-boiling alcohol for equilibrium 
determinations was purified as described by Baker and Hemming (loc. cit.), but for spectroscopic 
investigations this purified sample was further purified by the method of Leighton, Cary, and 
Schripp (J. Amer. Chem. Soc., 1951, 53, 2017), the final sample, b. p. 77-5°/751 mm., being stored 
in the dark. 

The catalyst, tri-n-propylamine, was a purchased sample, dried over potassium hydroxide 
and fractionated to give a sample, b. p. 53—54°/20 mm. The hydrogen cyanide solutions were 
prepared as described by Baker and Hopkins (/oc. cit.). Equilibrium determinations were made 
by the micro-methods and with the precautions previously described (Baker and Hemming, 
loc. cit.). 

Strengths of the Substituted Benzoic Acids.—These were determined in 0-005N-solutions in 
30% aqueous alcohol by potentiometric titration with ~0-005n-sodium hydroxide, with a glass 
electrode in a standard Cambridge pH-meter, benzoic acid itself being examined under the same 
conditions and all determinations being made at least in duplicate. 

Spectroscopic Data.—The absorption curves were plotted for 0-0005% solutions of the 
highly purified acids in a mixture of 95% distilled water and 5% of the highly purified alcohol, 
a Unicam SP 500 quartz spectrophotometer being employed. A plot of the absorption of the 
solvent alone showed 95% transparency even at 2000 A, and duplicate determinations of all 
spectra were made. 

Partitions [with W. T. Tweed].—The partition data of the phenyl and benzyl ethers and 
sulphides between ligroin and 100% formic acid were obtained by the technique previously 
developed for carbonyl compounds (Baker, Joc. cit.), except that the decomposition of these 
ethers and sulphides by cold sulphuric or phosphoric acid rendered the use of these acids as 
proton donors impossible. The concentration of the ether or sulphide in the ligroin layer was 
determined refractometrically, since examination of the refractive indices of solutions of known 
concentrations showed that the plot of concentration against * gave a straight line. That the 
retention of the ether or sulphide in the acid layer was due essentially to onium-salt formation 
was confirmed by observations that, in all samples, the proportion found in the ligroin layer 
increased as the water content of the formic acid was raised, reaching 100% when the acid was 
largely diluted. 


The authors thank Dr. A. D. Walsh for helpful discussion of the spectroscopic data. One 
of them (G. F. C. B.) thanks the Department of Scientific and Industrial Research for a 
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537. Organosilicon Compounds. Part III.* Some Sterically 
Hindered Compounds. 


By C. EABORN. 


It has been shown that Grignard reagents may be conveniently used to 
attach three isopropyl, cyclohexyl, or o-tolyl groups to silicon if fluorosilanes, 
as distinct from chlorosilanes, are employed in the preparations. This result 
is explicable in terms of steric effects, as is the fact that difluorodiisopropyl- 
silane reacts more readily with isopropylmagnesium chloride than with the 
bromide. The greater ease of replacement of the chlorine atom in chloro- 
fluorodiisopropylsilane than in chloroditsopropylsilane may be polar in origin. 

Three stable dialkylsilanediols, viz., diisopropyl-, ditsobutyl-, and dicyclo- 
hexyl-silanediol, are described. 


THE effects of steric hindrance have been clearly demonstrated in attempts to attach three 
or four large alkyl or aryl groups to silicon. Thus, Cusa and Kipping (J., 1933, 1040) 
found that only two chlorine atoms of phenyltrichlorosilane could be replaced by cyclohexyl] 
groups in the reaction with cyclohexylmagnesium bromide, and Jenkins and Post (J. Org. 
Chem., 1950, 15, 522) obtained tricyclohexylsilane in only 4-4% yield from the prolonged 
interaction of trichlorosilane and excess of cyclohexylmagnesium chloride. Nebergall and 
Johnson (J. Amer. Chem. Soc., 1949, 71, 4022), by employing an excess of cyclohexyl- 
lithium, obtained chlorotricyclohexylsilane from tetrachlorosilane, but the presence of the 
three large alkyl groups prevented further reaction of the chloride even with methyl-, 
ethyl-, or phenyl-lithium under forcing conditions. Similar effects were observed with the 
isopropyl group, so that Gilman and Clark (ibid., 1947, 69, 1499) were unable to replace 
more than two chlorine atoms of trichlorosilane in interaction with tsopropylmagnesium 
chloride, but by reaction of isopropyl-lithium with trichlorosilane and with tetrachloro- 
silane they obtained tritsopropylsilane and chlorotritsopropylsilane, respectively. These 
compounds would not react further with isopropyl-lithium, but gave phenyltrizsopropyl- 
silane with phenyl-lithium. More recently, Gilman and Smart (J. Org. Chem., 1950, 15, 
720) have shown that identifiable products are not obtained when tetrachlorosilane reacts 
with excess of o-tolylmagnesium bromide, confirming an earlier result of Schumb and 
Saffer (J. Amer. Chem. Soc., 1939, 61, 363). They found, however, that trichlorosilane does 
yield tri-o-tolylsilane with excess of the Grignard reagent, and that the tri-o-tolylsilyl 
derivatives resemble the corresponding isopropyl compounds in reacting with unhindered 
lithium aryls. Important steric effects of tert.-butyl groups (Tyler, Sommer, and Whit- 
more, ibid., 1948, 70, 2876: in this case no more than two alkyl groups can be attached to 
silicon even with fert.-butyl-lithium at high temperature) and a-naphthyl groups (Gilman 
and Brannen, tbid., 1951, 73, 4640) in organosilicon compounds have also been demon- 
strated. 

The overall impression gained from the literature is that attachment of three 
sterically-hindering alkyl or aryl groups to silicon calls for the use of lithium alkyls. It 
might be expected that the presence of small fluorine atoms as substituents on the silicon 
would reduce the steric hindrance in the replacements. The work described below 
indicates that if tetrafluorosilane is taken as the starting point, three isopropyl, cyclohexyl, 
or 0-tolyl groups can be attached to silicon by means of Grignard reagents without great 
difficulty. 

Interaction of Silyl Fluorides with 1soPropyl-, cycloHexyl-, o-Tolyl-, and isoButyl-mag- 
nesitum Halides.—Passage of tetrafluorosilane into an ethereal solution of isopropylmag- 
nesium halide, followed by heating, yields a mixture of difluoroditsopropylsilane and 
fluorotritsopropylsilane (Eaborn, J., 1949, 2755); the relative proportions of the products 
will clearly depend on the amount of gas passed, and on the rate of its passage. It has 
now been found that difluorodiisopropylsilane reacts readily, as expected, with isopropyl- 
magnesium chloride to give the trialkylsilyl fluoride, but markedly less readily with 


* Part II, J., 1950, 3077. 
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isopropylmagnesium bromide under similar conditions. This result is of interest in that 
the reactivity of tsopropylmagnesium chloride and bromide have been shown to be in the 
reverse order in interaction with benzonitrile (Gilman, St. John, St. John, and Lictenwalter, 
Rec. Trav. chim., 1936, 55, 577). It suggests that the additional size of the bromine atom of 
the Grignard reagent is further reducing the stability of a transition state in which steric 
hindrance must be considerable. 

Since difluorodiisopropylsilane reacts readily with isopropylmagnesium chloride whereas 
chloroditsopropylsilane (Gilman and Clark, Joc. cit.) does not, it was thought of interest 
to examine the behaviour of chlorofluorodiisopropylsilane. This compound was found to 
react fairly readily with isopropylmagnesium chloride in ether, the replacement being 
exclusively of the chlorine atom as far as could be ascertained. It is interesting to speculate 
whether the greater reactivity of the chlorofluoro-compound than of the chlorohydrogeno- 
compound could possibly arise from a fluorine atom causing less steric hindrance to reaction 
than a hydrogen atom. The van der Waals radius of hydrogen (1-2 A) is rather less than 
that of fluorine (1-35 A) but its covalent radius (0-30 A) is markedly less than that of fluorine 
(0-64 A), and it is possible to imagine a critically-compressed transition state in which the 
fact that the fluorine atom stands further out from the silicon would tend to counteract 
the difference in van der Waals radii in determining the atomic compressions. More 
important than this, however, is likely to be the large amount of ionic character in the Si-F 
bond, which can presumably lead to relatively low directional rigidity of the bond, and thus 
reduce the compression in the critically compressed transition state (the effect being 
analogous to the lack of rigidity of Si-O bonds in siloxan chains (cf. Rochow, “ The 
Chemistry of the Silicones,”’ 1951, p. 115). However, the greater reactivity of chloro- 
fluoroditsopropylsilane could be polar in origin, for in spite of any counteracting mesomeric 
effect (‘‘ back-co-ordination ”’), the overall effect of replacing hydrogen attached to silicon 
by the strongly electronegative fluorine must be to increase the amount of positive charge 
on the silicon atom, and consequently to render it more susceptible to nucleophilic attack. 
Examination of the relative reactivities of R,SiHCl and R,SiFCI structures in which steric 
effects are not of such great significance as in the compounds under consideration is being 
undertaken in these laboratories. 

Interaction of tetrafluorosilane with cyclohexylmagnesium chloride gives difluorodi- 
cyclohexylsilane (not obtained pure) and higher-boiling substances which could not be 
identified but may contain tricyclohexylsily] compounds. Interaction of the difluoride 
with further cyclohexylmagnesium chloride gave, after hydrolysis, good yields of tricyclo- 
hexylsilanol and tricyclohexylcyclohexyloxysilane. The latter compound presented some 
difficulties in identification until it was recalled that the analogous compound dicyclohexyl- 
cyclohexyloxyphenylsilane was obtained by Cusa and Kipping (loc. cit.) in the interaction 
of trichlorophenylsilane with cyclohexylmagnesium bromide. The highly hindered tricyclo- 
hexyleyclohexyloxysilane is remarkably stable towards alkaline hydrolysis but readily 
hydrolysed by acid. Fluorotricyclohexylsilane was prepared by interaction of tricyclohexyl- 
silanol and aqueous-ethanolic hydrogen fluoride, an example of a general method which is 
commonly employed in this laboratory (details will be published later). 

Tetrafluorosilane reacts with o-tolylmagnesium bromide to give a satisfactory yield of 
difluorodi-o-tolylsilane. This difluoride reacts with more o-tolylmagnesium bromide under 
more severe conditions to give products from which tri-o-tolylsilanol may be obtained in 
reasonable yield. With isobutylmagnesium chloride, tetrafluorosilane gives mainly tri- 
tsobutylfluorosilane, but some ditsobutyldifluorosilane is also usually obtained, indicating 
that the steric effect of the isobutyl groups is, as expected, intermediate between those of 
isopropyl and of m-alkyl groups, which under these conditions give tetra-alkylsilanes 
or trialkylfluorosilanes and no dialkyldifluorosilanes (cf. Gierut, Sowa, and Nieuwland, 
J. Amer. Chem. Soc., 1936, 58, 897). Furthermore, tritsobutylsilyl fluoride resembles 
the triethylsilyl and the tri-n-propylsilyl compound in reacting with methylmagnesium 
iodide with replacement of the fluorine, under conditions in which the tritsopropylsilyl 
compound is not attacked. 

Dialkylsilanediols.—Although silanediols containing aryl groups have long been known, 
e.g., diphenylsilanediol (Kipping, J., 1912, 101, 2108), ethylphenylsilanediol, and dibenzyl- 
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silanediol (Robison and Kipping, J., 1912, 101, 2142, 2156), only one silanediol free from 
aromatic groups was known until recently. This compound, dicyclohexylsilanediol, was 
obtained by Cusa and Kipping (J., 1932, 2205) in small yield as an unexpected by-product, 
and possibly because its identity was not very soundly based its existence has been over- 
looked in reviews of the subject (Burkhard, Rochow, Booth, and Hartt, Chem. Reviews, 
1947, 41, 97; Digiorgio, Sommers, and Whitmore, J]. Amer. Chem. Soc., 1946, 68, 346) ; 
its identity is confirmed, however, by the work described below. 

That dialkylsilanediols containing smaller alkyl groups are also stable was demon- 
strated by the preparation of diethyl-, di-n-propyl-, and di-n-butyl-silanediol by the care- 
fully controlled hydrolysis of the corresponding dichlorosilanes (Digiorgio, Sommers, and 
Whitmore, Joc. cit.; Digiorgio, Abstract of paper, Atlantic City Meeting, Amer. Chem. 
Soc., April 1946). In the present work ditsopropyl- and diisobutyl-silanediol have been 
prepared by hydrolysis of the corresponding difluorosilanes, and found to be stable solids. 
Both compounds resemble diethylsilanediol in being soluble in water, but further- 
more they may actually be recrystallized from water as well as from light petroleum. 
The compounds are not decomposed when their aqueous solutions are briefly boiled, and diiso- 
propylsilanediol was not decomposed when heated at 130° for some hours and was recovered 
unchanged when its aqueous solution was allowed to evaporate to dryness during several 
days. Both compounds are more soluble in aqueous alkali than in water and are precipit- 
ated unchanged when the solution is acidified. The stability of these silanediols is pre- 
sumably to be attributed to the steric effects of the particular alkyl groups involved. 


EXPERIMENTAL. 
(M. p.s and b. p.s are corrected.) 


Analyses.—Hydrolysable fluorine was determined by adding a measured volume of an 
approximately 0-1N-alcoholic solution of the fluoride to excess of alcoholic alkali, keeping the 
mixture for a few minutes, adding water, and back-titrating the excess of alkali. 

Microanalyses are by Drs. Weiler and Strauss, Oxford, or (marked *) by Dr. Elek, of Los 
Angeles. 

General.—Unless otherwise stated, the reaction mixtures from Grignard reagents were 
hydrolysed by adding 10% sulphuric acid until two clear layers were formed. Ethereal extracts 
were dried over sodium sulphate. Yields from reactions involving Grignard reagents are based 
on the silicon compound taken, except when tetrafluorosilane was involved; the yield is then 
based on the alkyl halide. Tetrafluorosilane was generated by heating a mixture of sodium 
fluorosilicate, silica, and sulphuric acid, and the ethereal Grignard reagent was well-stirred 
throughout the passage of the gas. Fractionations, unless otherwise specified, were carried out 
through columns of efficiency of ca. 10 theoretical plates. 

Difluorodiisopropylsilane.—This compound was prepared from tetrafluorosilane as described 
in Part I (J., 1949, 2755). 

Interaction of Difluorodiisopropylsilane and isoPropylmagnesium Chloride.—Difluorodiiso- 
propylsilane (0-2 mol.) in an equal volume of ether was added to the Grignard reagent from 
isopropyl chloride (0-33 mol.) and magnesium (0-34 mol.) in ether (130 ml.), and the mixture 
was boiled under reflux for 20 hours. After the hydrolysis of the mixture, the ethereal layer was 
separated, dried, and fractionated. No unchanged difluoride was present, and fluorotriiso- 
propylsilane (27 g., 80%), b. p. 170°/760 mm., n?? 1-4185, was obtained. 

Interaction of Difluorodiisopropylsilane and isoPropylmagnesium Bromide.—A procedure 
similar to the foregoing, but involving difluorodiisopropylsilane (0-55 mol.), isopropyl bromide 
(1-0 mol.), and magnesium (1-05 mol.) in ether (450 ml.), and 48 hours’ boiling under reflux, 
gave unchanged difluoride (33 g., 40%), b. p. 101°/760 mm., and fluorotriisopropylsilane (30-5 g., 
30%), b. p. 170°/760 mm., nf} 1-4183. (Grignard reagent was still present at the end of the 
reflux period.) 

Interaction of Chlorofluorodiisopropylsilane and isoPropylmagnesium Chloride.—Chloro- 
fluorodiisopropylsilane (0-1 mol.) was boiled under reflux for 30 hours with the Grignard reagent 
from isopropyl chloride (0-2 mol.) and magnesium (0-21 mol.) in ether (70 ml.). Grignard 
reagent was still present at the end of this period, and was destroyed by filtering off the mag- 
nesium salts from the ethereal solution and adding a dilute ethereal solution of iodine to the 
filtrate until the yellow colour persisted. Filtration, followed by fractionation of the filtrate, 
gave fluorotrizsopropylsilane (12 g., 70%), b. p. 169—171°, ml? 1-4200, with no recovery of 
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chlorofluorodiisopropylsilane and leaving a residue (hold-up) of 3 ml. Tests on the precipitated 
magnesium salts showed no appreciable amount of fluoride to be present. 

Diisopropylsilanediol.—A solution of potassium hydroxide (0-036 mol.—a slight deficiency) 
in water (8 ml.) was added to a solution of difluorodiisopropylsilane (0-02 mol.) in dioxan (25 ml.) 
with stirring. After 2 minutes, excess of water was added and the organosilicon material was 
extracted with ether. The ethereal extract was dried, the ether evaporated until about 5 ml. 
of liquid remained, and light petroleum then added. The solid which separated was recrystal- 
lized from light petroleum, giving long needles of diisopropylsilanediol (1-5 g., 50%), m. p. 114° 
(Found: C, 48-8; H, 10-7. C,H,,0,Si requires C, 48-6; H, 10-9%). 

A sample of the solid was kept in a m. p. tube at 130° for 3 hours, during which most of it 
sublimed to the cooler parts of the tube. The condensed material had m. p. 112—114°. A 
sample of the pure solid was recrystallized from water (the water being boiled for a short while 
in the process) to give material, m. p. 113—114°. The mother-liquor was allowed to evaporate 
to dryness during several days, during which long needles, m. p. 112—114°, were deposited. 
The solid dissolved more readily in 2N-aqueous sodium hydroxide than in water, and was 
precipitated when the solution was acidified with concentrated hydrochloric acid; the pre- 
cipitate after being washed and dried had m. p. 112—114°. 

Triisopropylsilanol.—Fluorotritsopropylsilane (0-07 mol.) was added to a solution of 
potassium hydroxide (0-065 mol.) in sufficient aqueous alcohol to give a homogeneous system. 
After a few minutes excess of water was added, the organosilicon material was extracted with 
light petroleum, and the extract dried. The solvent was distilled off, and the residue was 
fractionated through a centre-rod column (efficiency >40 plates) to give triisopropylsilanol 
(8 g., 65%), b. p. 196°/750 mm., mP 1-4532 (Found *: C, 61-9; H, 12-6. C,H,,O requires 
C, 62:0; H, 12-7%). 

Ethoxytriisopropylsilane.—Sodium (0-1 mol.) was dissolved in ethanol (40 ml.), and fluoro- 
tritsopropylsilane (0-07 mol.) was added with stirring. After 5 minutes, the mixture was added 
to an equal volume of light petroleum, and the petroleum solution was washed with water and 
dried (CaSO,). After removal of the solvent, the residue was fractionated through a centre-rod 
column (efficiency >40 plates) to give ethoxytriisopropylsilane (7 g., 50%), b. p. 204°/750 mm., 
ny 1-4347 (Found *: C, 65-3; H, 12-6. Calc. for C,,H,,OSi: C, 65-3; H, 12-95). Gilman and 
Clark (loc. cit.) describe this substance as having b. p. 200°/738 mm., n?? 1-4560. 

Attempt to prepare Ethoxyfluorodiisopropylsilane.—In a single experiment, sodium (0-08 mol.) 
was dissolved in anhydrous ethanol (25 ml.), and the solution was added with stirring to a 
solution of difluorodiisopropylsilane (0-1 mol.) in anhydrous ethanol (10 ml.). The mixture was 
kept for 2} hours, and then poured into excess of water. Extraction with ether, followed by 
drying and fractionation of the extract, gave unchanged difluorodiisopropylsilane (6 g.) and 
diethoxydiisopropylsilane (5 g.), b. p. 186—187°/760 mm. Only 2 ml. of liquid distilled 
between 110° and 180°. (Presumably under these conditions the reversibility of the reaction 
=SiO0Et + HF = =SirF + HOEt leads to destruction of any ethoxyfiuorosilane formed.) 

Interaction of Fluorotriisopropylsilane and Methylmagnesium Iodide.—A mixture of fluoro- 
tritsopropylsilane (0-07 mol.) and methylmagnesium iodide (0-1 mol.) in ether (50 ml.) was 
boiled under reflux for 5 hours. No solid separated during this time. Addition of sulphuric 
acid, followed by separation, drying, and fractionation of the ethereal layer, gave recovered 
fluorotriisopropylsilane (10 g., 80%), b. p. 170°/760 mm., n}?} 1-419. The small residue (hold-up) 
all boiled below 175°. 

Preparation of Chlorotricyclohexylsilane, Tricyclohexylsilanol, and Dicyclohexylsilanediol (cf. 
Nebergall and Johnson, /oc. cit., who obtained only chlorotricyclohexylsilane from this reaction, 
but in much better yield than is reported below).—cycloHexyl-lithium was prepared during 
6 hours from chlorocyclohexane (1-5 mol.) and lithium ribbon (3-5 g.-atom) in olefin-free light 
petroleum. Tetrachlorosilane (0-15 mol.) was added during } hour, and the mixture was stirred, 
and boiled under reflux for 4 hour. Further tetrachlorosilane (0-15 mol.) was then added, and 
the mixture was boiled under reflux for 5 hours, and kept overnight at room temperature. 
The liquid was siphoned off, and combined with the light petroleum washings of the solid residue. 
The solvent was removed, and distillation of the residue gave 10 ml. of liquid of b. p. 220—250° 
and 8 ml. of b. p. 250—310° (A), and left a residue (B) of b. p. >310°. On cooling, (B) deposited 
a solid, which was removed from the residual oil (C), recrystallized from ether, and found to 
be chlorotricyclohexylsilane (15 g., 16%), m. p. 101°. The oil (C) was hydrolysed by warm- 
ing it with excess of aqueous-ethanolic potassium hydroxide, and the mixture was poured 
into water. Ether-extraction, followed by removal of the solvent, gave a solid, which, after 
recrystallization from light petroleum containing a little ether, was found to be tricyclohexy]- 
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silanol (11 g., 13%), m. p. 177—178° [Nebergall and Johnson, Joc. cit., report m. p. 176—177° 
(uncorr.) for this compound. The product, m. p. 176—178°, obtained by Jenkins and Post 
(J. Org. Chem., 1950, 15, 556) from the hydrolysis of bromotricyclohexylsilane, and described 
by them as ‘ probably hexacyclohexyldisiloxane ’ would also appear to be tricyclohexylsilanol]. 
The liquid (B), which it was believed would contain dichlorodicyclohexylsilane, was hydrolysed 
as described for (C), and the product worked up in the same way to give dicyclohexylsilanediol 
(4 g., 6%), m. p. 164—165° (Found *: C, 63-0; H, 10-6. Calc. for C,,H,,O,Si: C, 63-1; H, 
10-6%,)._ The pure compound showed no evidence of decomposition at 180°, but samples 
containing impurities gave off gas bubbles above the m. p. Cusa and Kipping (J., 1932, 2205) 
describe the compound as effervescing above its m. p. of 164—165°. 

Interaction of Tetrafiuorosilane and cycloHexylmagnesium Bromide.—The Grignard reagent 
was prepared from cyclohexyl bromide (2 mol.) and magnesium (2-05 mol.) in ether (1 1.), and 
tetrafluorosilane was passed in for 6 hours (i.e., for 1 hour after the ether had ceased to reflux). 
The mixture was boiled under reflux for 2 hours, and after hydrolysis the ethereal layer was 
separated, dried, and distilled up to 300° leaving a residue of oil from which crystalline products 
(other than a little dicyclohexylsilanediol) could not be obtained even after alkaline hydrolysis. 
The liquid, b. p. 230—270°, was twice redistilled, to give 50 ml. of liquid, b. p. 248—260°, which 
was taken to be impure difluorodicyclohexylsilane. The liquid contained only 13-:1% of 
hydrolysable fluorine, whereas C,,H,,SiF, requires 16-4%. Attempts to obtain a purer sample 
were unsuccessful. That the liquid contained a large proportion of the difluoride was con- 
firmed by the fact that on hydrolysis of 4-6 g. of it with aqueous-alcoholic potassium hydroxide, 
followed by pouring of the product into water, extraction with ether, removal of the ether, and 
recrystallization of the solid residue from light petroleum (b. p. 40—60°) containing a little 
ether gave 3-0 g. of dicyclohexylsilanediol, m. p. 164°, mixed m. p. with authentic sample, 
164° (a yield of 70%, the liquid of b. p. 248—260° being assumed to be difluorodicyclohexyl- 
silane). 

Interaction of Difluorodicyclohexylsilane and cycloHexylmagnesium Chloride.—Difluorodi- 
cyclohexylsilane (0-1 mol.; impure material from preceding experiment) was added to the 
Grignard reagent from cyclohexyl chloride (0-36 mol.) in ether (150 ml.). The ether was dis- 
tilled off until a thermometer in the residue recorded 70°, and the mixture was kept at this 
temperature for 48 hours. Addition of ether was followed by addition of dilute sulphuric acid 
and separation and drying of the ethereal layer. The ether was removed to leave an oil, which 
on extraction with acetone left a white solid which proved, after recrystallization from light 
petroleum-—acetone, to be tricyclohexylcyclohexyloxysilane (11 g., 30%), m. p. 204—205° [Found : 
C, 76-4; H, 11-8; Si, 7-4%; M (Rast), 384. C,,H,,OSi requires C, 76-5; H, 11-8; Si, 7-45%; 
M, 376}. The solvent was removed from the acetone extracts, the residual oil was hydrolysed 
byjboiling it with excess of aqueous alcoholic potassium hydroxide, and the mixture was poured 
into water. The solid which separated was dried and recrystallized from ether-light petroleum, 
to give tricyclohexylsilanol (17 g., 57%), m. p. 177—-178°, mixed m. p. with an authentic sample 
177—178°. 

Fluorotricyclohexysilane.—Aqueous hydrofluoric acid (60 ml.; 40% acid) was added to a 
solution of tricyclohexylsilanol (0-017 mol.) in ethanol (350 ml.). The mixture was kept just 
below its b. p. for 24 hours, and then poured into excess of water. Extraction with light 
petroleum followed by removal of the solvent gave fluorotricyclohexylsilane (4-6 g., 95%), m. p. 
41—44° raised to 45—46° by recrystallization from ethanol-light petroleum (Found: F, 6-4. 
C,,H,,5iF requires F, 64%). 

Tricyclohexylcyclohexyloxysilane.—Sodium (0-05 g.-atom) was dissolved in warm anhydrous 
cyclohexanol (30 ml.), and chlorotricyclohexylsilane (0-03 mol.) was added. The mixture was 
boiled under reflux for 4 hour, and light petroleum added. The mixture was poured into 
excess of water, and the petroleum layer was washed, separated, and evaporated to small 
volume. Addition of acetone gave tricyclohexylcyclohexyloxysilane (0-7 g., 44%), m. p. 
203—204° after recrystallization (mixed m. p. with specimen prepared as described in an earlier 
experiment, 203—204°). Tricyclohexylsilanol (0-15 g.) was isolated from the acetone mother- 
liquors. 

: Hydrolysis of Tricyclohexylcyclohexyloxysilane.—The silane (1 g.) was warmed with concen- 
trated hydrochloric acid (4 ml., d 1-12) in ethanol (35 ml.). All the solid dissolved in less than 
10 minutes. The mixture was boiled under reflux for } hour, and then cooled, and water was 
added. The solid which separated was filtered off, dried, and recrystallized from ether-light 
petroleum, to give tricyclohexylsilanol (0-55 g., 70%), m. p. 178—179°, mixed m. p. with authentic 
sample 178—179°. No tricyclohexylcyclohexyloxysilane could be recovered. 
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Tricyclohexylcyclohexyloxysilane (0-5 g.) was added to a solution of potassium hydroxide 
(10 g.) in water (10 ml.) and ethanol (70 ml.), and the mixture was boiled under reflux for 2 hours. 
Water was added dropwise to the cooled mixture until precipitation was complete. The solid 
was filtered off, washed with water and a little alcohol, and recrystallized from light petroleum-— 
(predominantly) acetone, to give the unchanged silane (0-45 g.), m. p. 203—204°. 

Interaction of Tricyclohexylcyclohexyloxysilane and Acetyl Chloride.—Acety] chloride (6 ml.) 
was boiled under reflux with the silane (0-3 g.). After 2 hours the acetyl chloride was rapidly 
distilled off and the cooled residue was dissolved in ether. The filtered ethereal solution was 
evaporated to a small volume, and light petroleum added. No solid separated. On concen- 
tration of the solution and addition of acetone, tricyclohexylcyclohexyloxysilane (0-22 g.), 
m. p. 201—203°, was recovered. Clearly, little, if amy, conversion into the chloride had 
occurred. 

Interaction of Tetrafluorosilane and o-Tolylmagnesium Bromide.—Tetrafluorosilane was 
passed through a solution of the Grignard reagent from o-bromotoluene (1 mol.) and magnesium 
(1-05 mol.) in ether (500 ml.) until refluxing of the ether had ceased (2 hours). Ether was added 
to replace that carried away in the gas stream, and the mixture was boiled under reflux for 
4 hours, after which no o-tolylmagnesium bromide remained. The magnesium salts were 
filtered off and washed with ether, the ethereal filtrate and washings were combined, and the 
ether was removed by distillation. The residue on distillation gave 20 ml. of liquid boiling over 
the range 60—270°, 48 g. of liquid of b. p. 278—294°, 8 g. of b. p. 294—305°, and then little 
more below 360°, at which temperature distillation was stopped. No crystalline material could 
be isolated from the syrupy residue either before or after alkaline hydrolysis. The material 
of b. p. 278—294° was several times distilled, to give difluorodi-o-tolylsilane (30 g., 25%), b. p. 
285—289° (Found: F, 15-1. C,,H,,SiF, requires F, 15-3%). The yield of crude product 
(b. p. 275—300°) was ca. 50 g. (40%). 

Hydrolysis of Difluorodi-o-tolylsilane.—Difluorodi-o-tolylsilane (10 g., 0-04 mol.) was warmed 
for } hour with excess of aqueous-alcoholic potassium hydroxide, sufficient alcohol being present 
to give a homogeneous system. The mixture was poured into water, and the organosilicon 
material was extracted with ether. The ether was removed, and light petroleum added to the 
residue to give a solid, which was recrystallized from light petroleum, giving di-o-tolylsilanediol 
(8 g., 80%), m. p. 137—138° [Gilman and Smart, loc. cit., describe this compound as having 
m. p. 135-5—136-5° (uncorr.)]. 

Interaction of Difluorodi-o-tolylsilane and o-Tolylmagnesium Bromide.—Difluorodi-o-toly]- 
silane (0-1 mol.) was added to the Grignard reagent from o-bromotoluene (0-2 mol.) and mag- 
nesium (0-21 mol.) in ether (250 ml.). The ether was distilled off until a thermometer in the 
residue recorded 90°, and the mixture was kept at this temperature, with some ether refluxing, 
for 100 hours. Addition of ether and sulphuric acid was followed by separation and drying of 
the ethereal layer. Removal of the solvent left a syrupy liquid, from which liquid was distilled 
until the vapour temperature reached 360°. The residual oil cooled to a glassy solid which could 
not be crystallized. It was boiled with excess of aqueous-alcoholic potassium hydroxide for 
1 hour, and the mixture was poured into water. Ether-extraction, followed by removal of the 
solvent, left a syrup which was soluble in all the common organic solvents and could not be 
crystallized. The syrup was boiled with aqueous-alcoholic hydrochloric acid for 4 hour, the 
mixture poured into water, and the oil recovered by ether-extraction followed by removal of 
the solvent. Recrystallization from aqueous acetone gave a little solid, and further amounts 
of this solid were obtained on recrystallization from aqueous methanol. After recrystallization 
from light petroleum the solid was found to be ethoxytri-o-tolylsilane (1-5 g.), m. p. 143—144° 
(Found: C, 79-2; H, 7-6. Calc. for C,,H,,OSi: C, 79-5; H, 7-6%) (Gilman and Smart, Joc. 
cit., give m. p. 144-5—145-0°). The remaining oil, after re-treatment with aqueous-alcoholic 
potassium hydroxide followed by recovery in the usual way, was crystallized by dissolving it 
in light petroleum and keeping the solution at 0° for some days. The solid separating was 
recrystallized from light petroleum, giving ¢ri-o-tolylsilanol (13 g., 40%), m. p. 110—111° 
(Found: C, 79-0; H, 7-0. C,,H,,OSi requires C, 79-2; H, 7-0%) (this compound has been 
referred to by Gilman and Smart, loc. cit., but not described). The solid crystallizes remarkably 
slowly from its supersaturated solutions even when they are seeded and scratched, and it may 
have been failure to appreciate this which led to the difficulty of isolating the compound. The 
molten substance cools to a brittle glassy solid which usually takes some dav’s to crystallize even 
when seeded. 

Interaction of Tetrafiuorosilane and isoButylmagnesium Chloride.—In a typical experiment 
tetrafluorosilane was passed into the Grignard reagent from isobutyl chloride (4 mol.) and mag- 
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nesium (4-0 mol.) in ether (2 1.) for 5 hours (1.e., for 1 hour after the ether had stopped refluxing). 
The mixture was boiled under reflux for 1 hour, and after the addition of aqueous sulphuric 
acid the ethereal layer was separated, dried, and fractionated, to give diisobutyldifluorosilane (30 g., 
8%), b. p. 145°/760 mm. (Found: F, 21-1. C,gH,,SiF, requires F, 21-1%), and ¢riisobutyl- 
fluorosilane (156 g., 53%), b. p. 205-5°/750 mm., n% 1-14218 (Found: F, 8-75. C,,H,,SiF 
requires F, 8-70%). 

In one experiment under similar conditions a somewhat increased yield of triisobutyl- 
fluorosilane was obtained, with no difluoride. The highest yield of difluoride obtained in any 
similar experiment was 25%. 

Interaction of Triisobutylfluorosilane and Methylmagnesium Iodide.—Triisobutylfluorosilane 
(0-1 mol.) was added all at once to the Grignard reagent from methyl iodide (0-14 mol.) and 
magnesium (0-15 mol.) in ether (50 ml.), the solution being just below its b. p. Slow refluxing 
of the ether began and continued for 10 minutes with formation of two liquid layers. More 
ether (30 ml.) was added and the mixture was boiled under reflux for 3 hours. After addition 
of sulphuric acid the ethereal layer was separated, dried, and fractionated to give triisobutylmethyl- 
silane (18 g., 90%), b. p. 216-5°, ni? 1-4393 (Found: C, 72-4; H, 13-9. C,,H 3 Si requires C, 72-8 ; 
H, 14-1%). 

Diisobutylsilanediol.—Diisobutyldifluorosilane (0-025 mol.) was added to a solution of sodium 
hydroxide (ca. 0-04 mol.) in aqueous ethanol (50 ml., including ca. 10 ml. of water). Concen- 
trated aqueous sodium hydroxide solution was added dropwise with stirring until the mixture 
was alkaline to litmus. The mixture was poured into excess of water, and the oerganosilicon 
material was extracted with ether. The ethereal extract was dried, and the ether was removed, 
leaving a residue which set solid on cooling; recrystallization from light petroleum gave di- 
isobutylsilanediol (2-8 g., 65%), which contracts to a semi-solid at 88—-89° and collapses to liquid 
at 100—101° (Found: C, 54-5; H, 11-4. C,H, SiO, requires C, 54-5; H, 11-4%). The m. p. 
behaviour was unchanged by recrystallization from several solvents or by sublimation, and the 
possibility of a mesomorphic state is being investigated. The solid is recovered unchanged 
when its solution in boiling water is cooled or when its solution in aqueous sodium hydroxide 
is acidified with hydrochloric acid. 


Some of the initial experiments in this investigation were carried out by Mr. D. K. Anderson. 
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Chemistry at that University for their interest and hospitality, and, in particular, to Professor 
S. Winstein for his inspiration and encouragement. 
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538. Organosilicon Compounds. Part IV.* The Preparation of 
Organofluorosilanes. 


By C. EABORN. 


The use of aqueous-alcoholic hydrogen fluoride to convert a wide variety 
of organosilicon compounds into organofluorosilanes is described. 


ORGANOFLUOROSILANES have been prepared by the following methods: (1) interaction of 
tetrafluorosilane and Grignard reagents (Gierut, Sowa, and Nieuwland, J. Amer. Chem. Soc., 
1936, 58, 897; Medox and Kotelkov, J. Gen. Chem. U.S.S.R., 1937, 7, 207; 1938, 8, 291; 
Eaborn, preceding paper) ; (2) the action of anhydrous hydrogen fluoride (Pearlson, Brice, 
and Simons, /. Amer. Chem. Soc., 1945, 67, 1769), zinc fluoride and antimony trifluoride 
(Emeléus and Wilkins, J., 1944, 454; Newkirk, J. Amer. Chem. Soc., 1946, 68, 2736; 
Booth and Carnell, ibid., p. 2650; McKusker and Green, tbid., 1948, 70, 2807; Booth and 
Jarry, tbid., 1949, 71, 971) or ammonium fluoride (Wilkins, J., 1951, 2736) on the corre- 
sponding organochlorosilanes; and (3) the interaction of organosiloxans and ammonium 
fluoride or calcium fluoride in sulphuric acid (Flood, J. Amer. Chem. Soc., 1933, 55, 1735 ; 
Emeléus and Wilkins, Joc. cit.). Marans, Sommer, and Whitmore (J. Amer. Chem. Soc., 


* Part III, preceeding paper. 
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1951, 78, 5127) reported a very convenient method of obtaining organofluorosilanes involv- 
ing the reaction of alkoxysilanes or trialkylchlorosilanes with aqueous hydrofluoric acid 
at 0°. The present author has for some years prepared organofluorosilanes by a rather similar 
method, viz., by treating aqueous-alcoholic hydrogen fluoride not only with dialkyldi- 
ethoxysilanes, trialkylethoxysilanes, and trialkylchlorosilanes, but alternatively with 
trialkylsilyl hydroxides and bromides, triarylsilyl hydroxides, ethoxides, chlorides, or 
bromides, dialkyldichlorosilanes, or hexa-alkyldisiloxans. Under the reaction conditions 
the chlorides and bromides are undoubtedly hydrolysed more rapidly than the fluorides 
are formed, and it seems likely that any organosilicon compounds which undergo ready 
hydrolysis (e.g., silyl sulphides, iodides, cyanides, and thiocyanates) will be converted into 
the corresponding fluorides in the reaction medium. Although hexaethyldisiloxan and 
s-diethyltetramethyldisiloxan are satisfactorily converted, hexaphenyldisiloxan does not 
react appreciably under the conditions employed, possibly because of its insolubility. 

Apart from being applicable to a wider range of compounds, the method has the advant- 
age over that employed by Marans, Sommer, and Whitmore of involving a homogeneous 
system, and it is likely to be the more effective even for ethoxides and trialkylsilyl chlorides 
when fluorides are to be made from less soluble, and particularly solid, organosilicon com- 
pounds (Marans ef al. employed only liquids). Furthermore, the method described here 
has the advantage of employing more dilute hydrofluoric acid solutions, so that hard glass 
apparatus may be used. Of importance is the satisfactory conversion of the readily 
available dichlorodiethylsilane into the difluoro-compound, because in contact with an 
exclusively aqueous system this dichloride is likely to give insoluble siloxans. With 
alkylsiloxans the method is likely to prove particularly useful where the presence of a 
reactive group (e.g., Si-H, Si-Ph) precludes the use of the sulphuric acid~ammonium 
fluoride method. It is of interest that the sterically hindered tricyclohexyl- and tri-o- 
tolyl-silyl hydroxides are converted into the fluorides under these conditions, since they 
are sometimes unreactive in “‘ general’’ hydroxysilane reactions (cf. e.g., Gilman and Miller, 
ibid., p. 2367; Gilman and Brannan, ibid., p. 4640). 

The work described here, considered along with accounts of the hydrolysis and 
alcoholysis of organofluorosilanes (Swain, Esteve, and Jones, ibid., 1949, 71, 965; Hughes, 
Quart. Reviews, 1951, 5, 245), indicates the reversibility of the reactions =SitOR + HF == 
=SiF + ROH (R = H or Et) to which attention has not previously been drawn. Un- 
published work by the author (under the direction of Professor E. D. Hughes) shows that 
fluorotriphenylsilane, for example, undergoes alcoholysis in 0-1M-solution in ethanol only 
to the extent of ca. 1%, and so may be satisfactorily recrystallized from this solvent, while 
tri-n-butylfluorosilane and difluoroditsopropylsilane undergo alcoholysis to about 2% 
and 20%, respectively, under the same conditions. Similarly, in aqueous acetone (1 : 3 by 
volume) triphenylfluorosilane (ca. 0-1M) is ca. 30% hydrolysed, and use of excess of hydro- 
fluoric acid allows hydroxytriphenylsilane to be converted into the fluoride in this medium 
(see below). It should be noted, however, that Swain, Esteve, and Jones (loc. cit.) in their 
kinetic investigations of the hydrolysis of 0-01M-solutions of fluorotriphenylsilane in 
aqueous acetone did not observe indications of incomplete reaction. 


EXPERIMENTAL 
M. p.s and b. p.s are corrected. 

Analyses.—See Part III (loc. cit.). 

Hydrofluoric Acid.—The 40% w/w “‘ AnalaR ”’ acid was employed. 

Ethoxytriphenylsilane.—Sodium (3-5 g., 0-15 atom) was dissoved in anhydrous ethanol, and 
a solution of fluorotriphenylsilane (19-5 g., 0-7 mol.) in hot anhydrous ethanol was added with 
stirring. After a few minutes the mixture was poured into a large volume of water, and the 
solid which separated was filtered off, washed, and dried. Recrystallization from ethanol gave 
colourless plates, m. p. 61—64° (17 g., 80%). Recrystallization from nitromethane gave ethoxy- 
triphenylsilane, m. p. 65° (Found: C, 78-6; H, 10-5. C, H,,OSi requires C, 78-9; H, 10-6%). 

The same compound was obtained from triphenylsilane and sodium ethoxide in anhydrous 
ethanol, and from chlorotriphenylsilane and anhydrous ethanol. 

Bromotriphenylsilane.—The material employed, m. p. 122—124°, was prepared by the action 
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of bromine on triphenylsilane in carbon tetrachloride cooled in solid carbon dioxide—acetone, 
and was purified by non-ebullioscopic distillation at 1 mm. The same solid. was obtained from 
ethoxytriphenylsilane and acetyl bromide. 

Tri-n-butylethoxysilane.—Sodium (1 g.) was dissolved in anhydrous ethanol and tri-n- 
butylfluorosilane (9 g.) was added. The alcohol was removed on a boiling-water bath, and the 
residue was taken up in ether. The solution was filtered, and then fractionated, to give tri-n- 
butylethoxysilane (6 g., 60%), b. p. 143°/35 mm., nj? 1-4345 (Found: C, 68-9; H, 13-4. Calc. 
for C,,H,;,0Si: C, 68-8; H, 13-2%). Marans, Sommer, and Whitmore (loc. cit.) describe this 
compound as having b. p. 145°/34 mm., n? 1-4341. 

Diethoxydiisopropylsilane.—This compound was prepared as described in Part I (J., 1949, 
2755). 

Tricyclohexylhydroxysilane and Hydroxytri-o-tolylsilane.—These were prepared as described 
in Part III (loc. cit.). 

Organofluorosilanes.—The Table lists all but one of the organofluorosilane preparations. It 
will be seen that the conditions were varied considerably without obvious serious effects. The 
organosilicon reactant was usually dissolved in ethanol, and hydrofluoric acid was added. If 
necessary, more alcohol was then added to ensure a homogeneous system at the reaction temper- 
ature (and it is this which largely accounts for the wide variations in the volume of the reaction 
medium). After the time stated, the mixture was poured into excess of water, whereupon the 
organosilicon material separated as a solid or as an upper liquid layer. Ether-extraction was 
sometimes employed (see Notes below). Liquid products were distilled or fractionated. The 
identity of solids was confirmed by mixed m. p.s or by analysis for hydrolysable fluorine. 

A platinum basin was used for the reactions at room temperature, and a hard-glass flask and 
reflux condenser for those at higher temperatures. The glass was attacked, but not seriously. 


Reaction 
Wt., EtOH, HF, time, 
Reactant , ml. ml. hrs. Temp. Product 
Et,SiCl, 25 90 30 1} 75° Et,SiF,, b. p. 62° 
Et,SiCl . 90 20 2 75  Et,SiF, b. p 109-5°, n?? 
1-3910 

Et,SiBr 2-f 14 5 Et,SiF, b. p. 109°, n3 
1-3912 

Et,SiOH . 1 Et,SiF, b. p. 109—111°, 
n2P 1-3880 

(Et,Si),O “ f Et,siF, b. p. 109—110°, 
n? 1-3880 

(EtMe,Si),O EtMe,SiF, b. p. 51°, nl} 


Bu®,Si-OEt 5 SiF, b. p. 221°, Ze 


Pri,Si(OEt), 
(CgH,,);Si-OH ... 


> 
—) 


(C,H,,),SiF, m. p. 41— 
44° 


24 Ph,SiF, m. p. 61—63° 
24 Ph,SiF, m. p. 61—63° 
24 Ph,SiF, m. p. 64° 
24 Ph,SiF, m. p. 64° 

2 5 (o-Tolyl),SiF, m. p. 86-5° 


bo bo & bo 


Ph,SiBr 2 
(o-Tolyl),Si-OH... 4-8 100 


t2 


Notes. B. p.s given are at ca. 760 mm. 

1. The reaction mixture was homogeneous at first but a small upper layer was formed during 
warming. 

2. The product was fractionated through a centre-rod column having an efficiency of ~10 
theoretical plates and a small hold-up. 

3. After the reaction mixture had been poured into water, the organosilicon material was 
extracted with ether, and the ethereal extract was washed and dried (Na,SO,). The ether was 
removed on a water-bath, and the residue was distilled non-ebullioscopically at <2 mm., the 
first and last portions of the distillate being rejected. This allows these small quantities to be 
handled without serious mechanical loss. 

4. Some of the siloxan was undissolved at the start of the reaction, but disappeared during 
heating. 

5. (Cf. Part III.) Ether-extraction was employed. The product, after recrystallization, 
had m. p. 45—46°. 
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6. The yield and m. p. refer to the solid obtained when the reaction mixture was poured into 
water. Recrystallization from nitromethane gave pure material of m. p. 64° but with some 
loss. 

7. The yield is low because it refers to the pure, recrystallized material; no attempt was 
made to recover more solid from the mother-liquors. 

8. After the reaction mixture had been poured into water the organosilicon material was 
extracted with ether. The ether was removed, and the resulting solid was recrystallized from 
methanol, to give fluorotri-o-tolylsilane, m. p. 86°5° (Found: F, 6-0. C,,H,,SiF requires F, 
5-9%). Further small quantities of less pure material were obtained by concentration of the 
methanolic mother-liquor. 

9. The relatively low yield probably resulted from loss due to the volatility of this fluoride. 

Interaction of Triphenylsilyl Hydroxide and Hydrofluoric Acid in Aqueous A cetone.—Tripheny}- 
silyl hydroxide (0-7 g.) was dissolved in acetone (30 ml.), and hydrofluoric acid (10 ml.) was 
added. The solution, which remained clear, was set aside in a wax vessel for 18 hours, and then 
poured into excess of water. The solid which separated was dried and recrystallized from a 
little light petroleum, to give fluorotriphenylsilane (0-4 g., 60%), m. p. 63—65°, undepressed by 
admixture with an authentic sample. 

Interaction of Hexaphenyldisiloxan and Aqueous-alcoholic Hydrogen Fluoride.—Hexaphenyl- 
disiloxan (2-8 g.) was added to a mixture of ethanol (140 ml.) and hydrofluoric acid (20 ml.), 
and the mixture was kept just below its b. p. for 64 hours, the bulk of the solid remaining un- 
dissolved. The mixture was set aside for 18 hours and then filtered. The precipitate (A) was 
extracted with small quantities of warm acetone, and the extracts were added to the aqueous- 
alcoholic filtrate. The combined solutions were poured into water, the organosilicon material 
was extracted with ether, and the ether was evaporated to dryness, to give ca. 0-2 g. of white 
solid of m. p. 200—215°, indicating the absence of appreciable quantities of fluorotriphenylsilane. 
The solid A was extracted with hot benzene and with warm ether, and the extracts were com- 
bined and concentrated to a small volume, unchanged hexaphenyldisiloxan (2-4 g., 85%), 
m. p. 222—224°, being obtained. 

The author is grateful to Professor E. D. Hughes, D.Sc., F.R.S., for permission to include 
accounts of experiments carried out during work under his direction, and to the Chemical 
Society for a Research Grant. 
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539. The Schmidt Reaction with Unsymmetrical Ketones. 
By G. M. Bapcer, R. T. Howarp, and A. SIMoNs. 


The Schmidt reaction with a number of unsymmetrical ketones has been 
examined. Two types of product are formed: CORR’ —» R”’CO*-NHR 
and/or Re-CO-NHR’. 

The factors governing the course of the reaction are discussed. 


In connection with a scheme to examine the relation between polynuclear heterocyclic 
systems and their carbocyclic analogues (Badger et al., J., 1951, 3199, 3204, 3207, 3211), 
the study of various synthetic methods has been undertaken. Ore such method involves 
the treatment of cyclic carbonyl compounds with hydrazoic acid (for a review of the 
Schmidt reaction see Wolff, ‘‘ Organic Reactions,’’ 1946, Vol. 3, pp. 307—336), and the 
use of polynuclear o-quinones for this purpose seemed worthy of further investigation 
(cf. Caronna, Gazzetta, 1941, 71, 481; Chem. Abs., 1943, 37, 118; Stephenson, J., 1949, 
2620). ‘‘ Unsymmetrical’’ 0-quinones, such as chrysaquinone, can conceivably lead to 
two different products, and the available literature on the Schmidt reaction provides little 
or no information as to which structure is likely to be formed predominantly. This problem 
is at present under investigation, but as a preliminary to the studies with o-quinones, the 
effect of hydrazoic acid on some unsymmetrical ketones has been investigated, and the 
results are reported here. While this work was in progress several important contributions 
to the study of the Schmidt reaction with unsymmetrical ketones were published by Smith 
and his co-workers (J. Amer. Chem. Soc., 1948, 70, 320; 1950, 72, 2503, 3718). 
8U 
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According to the accepted mechanism of the Schmidt reaction (Smith, locc. cit.; 
Newman and Gildenhorn, ibid., 1948, 70, 317), the carbonyl compound is first converted 
into a carbonium ion (I) which then reacts with hydrazoic acid to give (II). Subsequent 
elimination of water gives the intermediate (III), which loses nitrogen to give (IV), and 
this rearranges to the ion (V). On addition of water, (V) is converted into the acid amide, 
R-CO-NHR. 


H H 
sae nek R R ot Fae C_R 
+ HN—N=N N—N=N N+ R—N 
(I) (II) (III) (IV) (Vv) 


The structure of the hypothetical intermediate (III) resembles that of a ketoxime, and 
its rearrangement into the ion (V) is entirely analogous to the Beckmann transformation 
of ketoximes. Indeed, both reactions proceed through the common intermediate (IV). 

If an unsymmetrical ketone is used, the intermediate (III) should be capable of existing 
in geometrical isomerides of the types (VI) and (VII), and two acid amides, RYCO*-NHR’ 
and R’-CO-NHR, might be expected from the Schmidt reaction, depending on whether R 
or R’ migrates from C to N. 

R—C—R’ R—C—R’ 
(VI) Se oN=x mais (VII) 

Smith (/occ. cit.) has already shown that ‘‘ migratory aptitudes ’’ are unimportant in the 
Schmidt reaction. If, therefore, the trans-group (R in VI; R’ in VII) migrates (as it does 
in the Beckmann rearrangement), then the ratio of the sym- and the anti-configuration in 
the intermediate should determine the ratio of the amides produced. The problem there- 
fore becomes one of determining the factors which influence the ratio of the isomerides (V1) 
and (VII) in the intermediate. 

Steric factors are certainly of importance here and, other things being equal, the more 
stable isomeride would be that in which the azo-group is orientated away from the bulkier, 
or ortho-substituted, group R. It is to be expected, therefore, that the Schmidt reaction 
will take place predominantly by migration of the bulkier group. 

In agreement with this conclusion, it has been found that the Schmidt reaction with 
o-benzoylbenzoic acid (VIII) takes place exclusively, or almost exclusively, by migration 
of the carboxyphenyl radical. N-Benzoylanthranilic acid (IX) was isolated in almost 
quantitative yield as the free acid or the anhydride (X) (a preliminary account of this 
experiment has already been published : Badger and Howard, Chem. and Ind., 1950, 601). 
With o-1-naphthoylbenzoic acid (XI), the main product was found to be N-1-naphthoyl- 
anthranilic acid (XII), also formed by migration of the carboxyphenyl radical. On the 
other hand, in the Schmidt reaction with 1l-benzoylnaphthalene (XIII) there was 


o-HO,C-C,Hy-COPh o-HO,C-C,HyNH-COPh 
Vv - 
(VIII) (IX) Pies 
o-HO,C-C,H,CO-C,,H,-1 o-HO,C-C,HyNH-CO-C,,H,-1 | | 
(XI) (XII) \ANG 
Ph-CO-C,,H,-1 Ph-NH-CO-C,,H,-1 (X) 
(XII) (XIV) 
predominant migration of the phenyl (or less bulky) group, the chief product being 
a-naphthanilide (XIV). It is also of interest that the related compounds, 2-methylbenzo- 
phenone and 1-benzoylphenanthrene, undergo the reaction by preferential migration of the 
phenyl group (Smith, occ. cit.; Dice and Smith, J. Org. Chem., 1949, 14, 179). However, 
9-benzoylanthracene and benzoylmesitylene could not be induced to react with hydrazoic 
acid. 
In the case of 2-benzoylthiophen (XV) there can be little or no difference in the steric 
effects of the two aryl groups; but in this case also the reaction appeared to take place 
predominantly by migration of the phenyl group. The only product which could be 
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isolated was thiophen-2-carboxyanilide (XVI). With 3-benzoyl-2 : 5-dimethylthiophen 
(XVII), however, the steric effect may again be operative, for the major product was 
found to be 3-benzamido-2 : 5-dimethylthiophen(XVIII). 


Ph-CO/> / ss Ph-COp— Ph-CO-HN;— 
| I nin TEECOS ) Mel . |/Me Mel . !Me 


(XV) (XVI) (XVII) (XVIII) 


The results so far, therefore, indicate that the bulkier group does normally migrate 
from C to N, but that there are several exceptions. It seems that the configuration of the 
intermediate (III) is not determined solely by the steric environment of the carbonyl group. 

EXPERIMENTAL 

Schmidt Reactions.—(i) Method A. A mixture of the ketone (0-02 mol.), chloroform (100 c.c.), 
and concentrated sulphuric acid (20 c.c.) was warmed to 50°. Sodium azide (0-04 mol.) was 
then added gradually, with stirring, during 1 hour. Stirring was continued for a further 3 hours, 
after which the mixture was poured into cold water. The chloroform layer was separated and 
the aqueous layer extracted with chloroform. The combined chloroform solutions were dried 
(Na,SO,) and evaporated at room temperature, to give the crude product. 

(ii) Method B. A solution of the ketone. (0-02 mol.) in trichloroacetic acid (40 g.) was 
warmed to 50°. Sodium azide (0-04 mol.) was then added gradually, with stirring, during 
1 hour and concentrated sulphuric acid (15 c.c.) was added gradually during the addition of 
sodium azide. Stirring was continued for a further 14}—3 hours. The mixture was then 
added to water and, after being kept overnight in the refrigerator, the crude product 
was collected by filtration. 

o-Benzoylbenzoic Acid.—(a) The crude product obtained by method A was separated into 
neutral and acidic fractions with cold dilute sodium carbonate solution. The acid fraction, 
obtained in 31% yield, crystallised from aqueous ethanol in colourless needles, m. p. 179°, 
and was identified as N-benzoylanthranilic acid by direct comparison with an authentic 
specimen prepared by benzoylation of anthranilic acid (Briickner, Annalen, 1880, 205, 130). 
The neutral fraction, obtained in 67% yield, crystallised from benzene in fine colourless needles, 
m. p. 123°. It was identified as anhydro-N-benzoylanthranilic acid by analysis (Found : 
C, 75-6; H, 4-2. Calc. for C,,H,O,N : C, 75:3; H, 4-0%) and by mixed m. p. with an authentic 
specimen (Heller and Fiesselmann, ibid., 1902, 324, 134). 

(6) The crude product obtained in 90-5% yield by method B was shown to be substantially 
pure N-benzoylanthranilic acid by direct comparison with an authentic specimen. 

o-1-Naphthoylbenzoic Acid.—(i) The crude product obtained (in 30% yield) by method A 
was shown to be substantially pure anhydro-N-1-naphthoylanthranilic acid. After recrystallisation 
from ethanol, it formed pale yellow needles, m. p. 134° (Found: C, 79-1; H, 3-9. C,,H,,O,N 
requires C, 79-1; H, 4:1%). The m. p. was not depressed by admixture with a specimen 
prepared from 1-naphthoy] chloride and anthranilic acid. 

Hydrolysis of the anhydro-compound with boiling sodium carbonate solution followed by 
precipitation with hydrochloric acid gave the free acid. After recrystallisation from ethanol, 
N-1-naphthoylanthranilic acid formed colourless needles, m. p. 235° (Found: C, 74:3; H, 4-6. 
C,,H,,0,N requires C, 74-2; H, 4-5%). 

(ii) The crude product obtained by method B was dissolved in dilute aqueous sodium 
hydroxide and reprecipitated with hydrochloric acid. The resulting acid (m. p. 200—220°) was 
obtained in 45% yield. After one recrystallisation from ethanol, it had m. p. 230—233°, not 
depressed by admixture with the previous specimen. 

1-Benzoylnaphthalene.—(a) Numerous attempts to carry out the Schmidt reaction with this 
substance by method A, or by slight modifications of it, were unsuccessful. The ketone was 
always recovered unchanged. 

(b) By method B, however, reaction proceeded readily, and a crude product was obtained in 
almost quantitative yield. Fractional crystallisation from ethanol gave a-naphthanilide, 
m. p. 153—159°, in 64% yield, and no pure product could be isolated from the oily material 
recovered from the liquors. After further purification, the a-naphthanilide formed colourless 
plates, m. p. 162—163° (Gibson ef al., J., 1926, 2259, give m. p. 162—163°) not depressed on 
admixture with an authentic specimen prepared from l-naphthoyl chloride and aniline. 
Admixture with the isomeric substance, N-benzoyl-l-naphthylamine, m. p. 161—162°, how- 
ever, gave a substantial depression. 
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9-Benzoylanthracene.—This was prepared by a Friedel-Crafts reaction between anthracene 
and benzoy! chloride, as described in Org. Synth., 30, 1, for the preparation of 9-acetylanthracene. 
Attempts to carry out the Schmidt reaction with this ketone under a variety of different 
experimental conditions were all unsuccessful, the ketone being recovered unchanged. 

Benzoylmesitylene.—This was prepared similarly from mesitylene and benzoyl chloride. It 
was recovered unchanged in all attempts to carry out the Schmidt reaction. 

2-Benzoylthiophen.—The crude product obtained by method B was decolorised in acetone 
solution with charcoal and after one recrystallisation from alcohol gave thiophen-2-carboxy- 
anilide, m. p. 140—145°, in 49% yield. No pure product could be obtained from the liquors. 
The pure anilide was obtained by sublimation at 150°/0-2 mm., followed by further 
recrystallisation from alcohol, and formed colourless needles, m. p. 144—145° (Found: C, 65-2: 
H, 4:65. Calc. for C,,H,ONS: C, 65-0; H, 4.5%). Leuckart and Schmidt (Ber., 1885, 18, 
2338) give m. p. 140°. The m. p. was not depressed on admixture with a specimen, m. p. 144— 
145°, prepared from thiophen-2-carboxy chloride and aniline. 

3-Benzoyl-2 : 5-dimethylthiophen.—The Schmidt reaction with 3-benzoyl-2 : 5-dimethyl- 
thiophen (Buu-Hoi and Hoan, Rec. Trav. chim., 1948, 67, 309) was carried out according to 
method B but at 35—40°. The resulting sticky solid was recrystallised from light petroleum 
(b. p. 40—70°) from which the product, m. p. 157—-162°, separated in 58% yield. After further 
recrystallisation, 3-benzamido-2 : 5-dimethylthiophen was obtained as long colourless needles, 
m. p. 164—165° (Found: C, 67-5; H, 5-6. C,3H,,;ONS requires C, 67-5; H, 5-6%). 

Benzamidodimethylthiophen was also prepared as follows. 2: 5-Dimethylthiophen-3- 
carboxylic acid (Steinkopf et al., Annalen, 1938, 536, 128), in trichloroacetic acid and a little 
sulphuric acid, was treated with sodium azide in the usual way. The resulting amine was 
benzoylated with benzoyl chloride and sodium hydroxide, to give (after recrystallisation from 
light petroleum) the benzamido-compound, m. p. 164—165°, not depressed on admixture with a 
specimen prepared as above. 

The m. p. of the benzamidodimethylthiophen prepared from benzoyldimethylthiophen was, 
however, depressed by admixture with the isomeric substance, 2: 5-dimethylthiophen-3- 
carboxyanilide (see below). 

2 : 5-Dimethylthiophen-3-carboxyanilide.—2 : 5-Dimethylthiophen-3-carboxylic acid was con- 
verted by thionyl chloride and then aniline into the anilide which crystallised from light 
petroleum (b. p. 40—70°) in colourless needles, m. p. 139-5—140° (Found: C, 67-8; H, 5-9. 
C,;H,,ONS requires C, 67-5; H, 5-7%). 


Microanalyses were carried out by the C.S.I.R.O. Microanalytical Laboratory, Melbourne. 


UNIVERSITY OF ADELAIDE. (Received, April 15th, 1952.) 





540. Reactions of «8-Unsaturated Cyclic Aldehydes and Ketones. 
Part IX.* (—)-cis- and (+)-trans-Piperitol from (—)-Piperitone. 
By A. KILLEN MACBETH and J. S. SHANNON. 


Reduction of (—)-piperitone by lithium aluminium hydride gives a 
mixture consisting approximately of 36% of (—)-cis-piperitol and 64% of 
the hitherto little known (+ )-trans-piperitol. 

The two alcohols have been rigidly purified, and what are regarded as the 
stereochemically pure forms have been obtained and characterised. (—)-cis- 
Piperitol has m. p. 30°, and [a], —246° in alcohol or benzene. (+ )-trans- 
Piperitol is a viscous liquid which has [a] + 28° in the same solvents. Several 
esters of the alcohols are described. 

The configurations of the alcohols are established by the hydrogenation 
of (—)-cis-piperitol to (—)-neomenthol, and (+)-tvans-piperitol to (-+-)-iso- 
menthol. 


THE isolation of piperitols from natural sources has been reported (Baker and Smith, 
“Eucalypts and their Essential Oils,’’ 2nd edn., 1920, p. 373; Simonsen, Indian Forest 
Records, 1924, 10, Part VIII) and several syntheses of the epimeric alcohols from the readily 


* Part VIII, J., 1951, 1848. 
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available (—)-piperitone (I) or its derivatives have been carried out (Read and Storey, 
J., 1930, 2770; Read and Walker, J., 1934, 308). Samples of both alcohols were prepared 
by these authors. A labile dextrorotatory piperitol was regarded as having the trans- 
configuration (III), but its high rotation, [«], +50-8°, was undoubtedly due to contamin- 
ation by phellandrenes. A second variety obtained by a Ponndorf reduction of the ketone 
was obtained in relatively low yield, and it was regarded as the cis-compound (II). 


(II) (I) (IIT) 


Barnes, Jackman, and Macbeth (J., 1951, 1848) re-examined the reduction of (—)- 
piperitone by the Meerwein—Ponndorf reaction, but only one of the epimeric alcohols was 
isolated, and it was suspected that dehydration of the more labile epimer to a menthadiene 
occurred. The earlier suggestion by Read that the alcohol was the cts-epimer was confirmed 
by its hydrogenation to (—)-neomenthol. Although the alcohol isolated had a higher 
rotation than that previously recorded and gave a 3: 5-dinitrobenzoate with [«], —256°, 
it was doubtful if it was optically pure inasmuch as the f-nitrobenzoate and phthalimido- 
acetate prepared from it were inactive, a result suggesting that these esters were derived 
from some of the racemic alcohol contained in the sample. Better results were hoped for in 
reduction of the ketone by lithium aluminium hydride, and this work is now described. 

The proportions of the cis- and the trans-forms of the alcohols derived from a series of 
ketones on reduction by the Meerwein-Ponndorf method were determined by Jackman, 
Macbeth, and Mills (J., 1949, 2641) and the percentages of the epimers resulting on reduction 
of a number of monocyclic ketones by lithium aluminium hydride were subsequently 
examined. Before the results were published, Noyce and Denny (J. Amer. Chem. Soc., 
1950, 72, 5743) reported their results with this reagent, and some of these, which in most 
cases are essentially the same as our own, are summarised in Table 1. The value for 
cryptone is added as an additional example, and the figures in parentheses are those for 
substances obtained by the Meerwein—Ponndorf reduction (loc. cit.). 

These results suggest that (—)-piperitone, as in the case of the monocyclic ketones 
examined above, should yield preponderantly the trans-piperitol by lithium aluminium 
hydride reduction. As the reduction is carried out under mild conditions and is not 
prolonged, there is a good prospect that the trans-alcohol will escape dehydration. Further, 
Noyce and Denny (loc. cit.) clearly showed that an asymmetric centre adjacent to a carbonyl 
or carboxyl group is not affected during reduction by lithium aluminium hydride. For 
example, when (—)-menthone was reduced, and the resulting mixture of menthols oxidised 
to the ketone again, the sample of (—)-menthone obtained showed only an insignificant 


change in optical rotation. Stereochemically pure piperitols may therefore be looked for 
in the products of such reductions. 


TABLE 1. 


Ketone reduced Percentage of cis-alcohol 
(+)-2-Methylcyclohexanone 36 (50) 
(+)-3-Methylcyclohexanone 8 (55) 
4-Methylcyclohexanone 19 (33) 
(—)-Menthone 29 (70) 

( —)-4-tsoPropylcyclohex-2-en-1l-one (cryptone) 25 (39) 


These expectations have in fact been realised, and a mixture of piperitols having «}* 
— 30° (homogeneous) and [«]} —72° (c, 1 in benzene) was produced in very good yield. 
Attempts to separate the alcohols from this mixture by fractional crystallisation of the 
3 : 5-dinitrobenzoates were wasteful, and a preliminary fractionation of the crude piperitols 
through an efficient column was first carried out. The first fraction, «i? —164° 
(homogeneous), and the residue, «} +54° (homogeneous), were converted into the 3 : 5-di- 
nitrobenzoates in yields of some 90%. Seven recrystallisations of the (—)-ester gave 
(—)-cts-piperityl 3 : 5-dinitrobenzoate, m. p. 104°, [«]}’ —268° (c, 1 in chloroform), in 30% 
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yield, while in the case of the (+-)-ester only five recrystallisations were necessary to give 
upwards of 50%, yield of (+)-trans-piperity] 3 : 5-dinitrobenzoate, m. p. 83°, [«]}’ +164° 
(c, 1 in chloroform). Both esters are readily hydrolysed to the respective alcohols, which 
were characterised by the preparation of a number of derivatives summarised in Tables 2 
and 3. The optical purity of the (—)-alcohol is suggested by the fact that all the derivatives, 
which are formed in excellent yield, require only one crystallisation to bring them to their 
maximum optical rotation; and by the further fact that both the phthalimidoacetate 
({a]» —274°) and the p-nitrobenzoate ([«], —304°) have high specific rotations in contrast 
with the inactivity reported in the earlier paper. 

The configurations of the piperitols are conveniently established by hydrogenation, 
since the configurations of the reference substances, the menthols, have already been 
established (Zeitschel and Schmidt, Ber., 1926, 59, 2303; Read, Robertson, and Cook, 
J., 1927, 1276; Read and Grubb, J., 1934, 313) and recently confirmed by McNiven and 
Read (J., 1952, 153). Thus (—)-cis-piperitol should yield a mixture of meomenthol and 
neoisomenthol, whereas the (+-)-trans-piperitol will yield menthol and isomenthol : 


Me 
a aa Vey : ht ae ae _ 


OH be OH Pr! M OH Pr! 
cis-Piperitol neoMenthol neoisoMenthol 


trans-Piperitol Menthol tsoMenthol 


In the case of (—)-cis-piperitol the earlier results of Barnes, Jackman, and Macbeth (loc. 
cit.) on configuration were confirmed by the isolation of pure (—)-nzomenthyl 3: 5-dinitro- 
benzoate from the mixture of menthols obtained by pressure hydrogenation of the alcohol 
over Raney nickel. The érans-configuration of the (+-)-piperitol was established by 
hydrogenation to a mixture of menthols from which (+-)-tsomenthyl 3 : 5-dinitrobenzoate 
was prepared in good yield. The (+-)-trans-piperitol is stable when kept in a closed vessel 
and, so far, has shown no tendency to dehydrate spontaneously. The present position of 
the piperitols is summarised in Tables 2 and 3. 


TABLE 2. (—)-cis-Ptperitol. 


Source [alp * Derivatives 
(—)-Piperitol* Reduction of (—)-piperitone —25-5° 3: 5-Dinitrobenzoate, m. p. 84—85°, [a]p —30° 
with Al(OPr'), 
(—)-Piperitol’ Reduction of(—)-piperitone —39-5 3: 5-Dinitrobenzoate, m. p. 98—99°, [a]p 
with Al(OPr'), — 256° 
Phenylurethane, m. p. 138°, [a}]p —328° 
a-Naphthylurethane, m. p. 128—129°, [a]p 
— 46° 


(—)-Piperitol* Reduction of (—)-piperitone 3 : 5-Dinitrobenzoate, m. p. 104°, [a]p —268° 
with LiAlH, p-Nitrobenzoate, m. p. 73°, [a]p —304° 
Phthalimidoacetate, m. p. 92°, [a] 
Phenylurethane, m. p 
a-Naphthylurethane, m. p. 121°, [a]p —260° 


* Read and Walker (Joc. cit.); * Barnes, Jackman, and Macbeth (loc. cit.); * Present workers. 
* In alcohol. 


TABLE 3. (+)-trans-Piperitol. 


Source {alp * Derivatives 
(+)-Piperitol* Trimethyl-(—)-piperityl +50-8° — 
ammonium iodide 
(+)-Piperito] ® Reduction of (—)-piperitone +28 3 : 5-Dinitrobenzoate, m. p. 83°, [a]p + 164° 
with LiAlH, p-Nitrobenzoate, m. p. 69°, [a}p +180° 
a-Naphthylurethane, m. p. 94°, [a]p +122° 


* Read and Walker (loc. cit.); * Present workers. * In alcohol. 
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EXPERIMENTAL 


Reduction of (—)-Piperitone.—A sample of piperitone from E. dives, [a]if -—48° 
(homogeneous), was recrystallised from light petroleum (b. p. 40—60°) at a temperature below 
—40° (Huggett, J. Soc. Chem. Ind., 1941, 60, 67). After four crystallisations and subsequent 
distillation, the ketone had b. p. 65/1-0 mm., [«]} —67° (homogeneous). 

The ketone (304 g.) in anhydrous ether (500 ml.) was dropped into a mechanically stirred 
suspension of lithium aluminium hydride (25 g.) in anhydrous ether (800 ml.) during 2} hours, 
and the resulting mixture gently refluxed fora further hour. The mixture was decomposed with 
water and then sodium hydroxide (5% solution). The alumina was removed by filtration at 
the pump, and the separated ethereal layer washed with water. After the addition of a few 
drops of dimethylcyciohexylamine, the ethereal solution was dried (MgSO,-K,CO,). After 
removal of the ether, the crude mixture of piperitols {277 g., «jf —30° (homogeneous), [«]}? —72° 
(c, 2 in benzene)} was fractionally distilled through a 24-inch column packed with single-turn 
glass helices, and fitted with a heating jacket and reflux divider. Four fractions were initially 
collected: (i) 30 g., b. p. 47°/0-03 mm., aj? —164° (homogeneous); (ii) 55 g., b. p. 47— 
48°/0-03 mm., aj -—120° (homogeneous); (iii) 47 g., b. p. 48°/0:03 mm., ajf —84° 
(homogeneous); (iv) 59 g., b. p. 48—49°/0-03 mm., aj§ 0° (homogeneous). Fraction (iv) and 
the residue, 80 g., «jf +48°, were combined and refractionated to give the following fractions : 
(a) 30 g., b. p. 48°/0-04 mm., a}? —50°; (b) 9 g., b. p. 48—49°/0-04 mm., a}? + 16°; (c) 18 g., 
b. p. 48—49°/0-04 mm., a}? + 32°; residue, 77 g., a}? +54°. 

(—)-Piperityl 3 : 5-dinitrobenzoate. A solution of 3 : 5-dinitrobenzoy] chloride (47 g.) in dry 
benzene (70 ml.) was added to a mechanically stirred solution of (—)-piperitol (30 g., «}? — 164°) 
in light petroleum (b. p. 40—60°; 450 ml.) containing pyridine (15 g.), the rate of addition 
being such that the temperature did not rise above 35°. After a further 3 hours, the reaction 
mixture was shaken with water (ca. 300 ml.), and the solution filtered. The benzene-light 
petroleum layer was washed successively with sodium hydroxide (5% solution) and water. 
After drying (MgSO,-K,CO,), the solvent was removed, leaving the crude ester (60 g., 88% 
based on piperitol) as a red oil which readily crystallised on the addition of a small amount of 
light petroleum (b. p. 40—60°). Seven recrystallisations from this same solvent gave the pure 
ester (20 g., 33% of crude ester) as very pale yellow glistening plates, m. p. 104°, [a]}f —256° 
(c, 1 in benzene), —268° (c, 1 in chloroform) (Found: C, 58-9; H, 5-6; N, 83. C,,H,» O,N, 
requires C, 58-95; H, 5-5; N, 8-05%). 

(—)-cis-Piperitol.—A solution of (—)-piperityl 3 : 5-dinitrobenzoate (15 g., [«]j? — 268°) in 
methanol (120 ml.) containing potassium hydroxide (65 g.) was refluxed for 5 minutes, the 
solution becoming red and depositing potassium 3: 5-dinitrobenzoate. After being kept at 
room temperature for an hour, the mixture was filtered from the potassium salt, which was 
washed with methanol. The combined filtrate and washings were distilled under reduced 
pressure to remove most of the methanol, and water (ca. 60 ml.) added to the residue. The 
piperitol separated as a white solid and was taken up in light petroleum (b. p. 40—60°), and the 
aqueous layer again extracted twice with the same solvent. The combined extracts were 
washed once with water and dried (MgSO,-K,CO,). After removal of the solvent, the (—)- 
piperitol was distilled (b. p. 55°/0-1 mm.) and quickly crystallised to a mass of fine white needles 
(6 g., 91% based on the ester), m. p. 30°, [«]}? —246° (c, 2 in benzene or alcohol) (Found: C, 
77-8; H, 11-7. C,)9H,,O requires C, 77-9; H, 11-7%). 

The p-nitrobenzoate, prepared from -nitrobenzoyl chloride (1-3 g.) in dry benzene and a 
solution of (—)-piperitol (1 g.) in light petroleum containing dry pyridine (0-6 g.), and worked up 
in the usual way after 3 hours, on recrystallisation from light petroleum (b. p. 40—60°) formed 
pale yellow needles (1-7 g., 85% based on piperitol, m. p. 72°, [«]}? —304° (c, 1 in benzene) 
(Found: C, 67-35; H, 6-8; N, 4:7. C,,H,,O,N requires C, 67-3; H, 6-95; N, 46%). 

The phthalimidoacetate, from the acid chloride (1-1 g.) in dry benzene and (—)-piperitol 
(0-7 g.) in light petroleum containing pyridine (0-4 g.), and worked up after 14 hours, had m. p. 
92°, [«]}7 —274° (c, 1 in benzene) (1-4 g., 88% based on piperitol) (Found: C, 70-2; H, 6-5; N, 
4-2. C, 9H,,0,N requires C, 70-4; H, 6-7; N, 4-1%), after one recrystallisation from benzene- 
light petroleum (b. p. 40—60°). 

The phenylurethane, from phenyl isocyanate (0-7 g.) and (—)-piperitol (0-8 g.) in light 
petroleum (3 ml.), after being kept overnight, separated after one crystallisation from light 
petroleum (b. p. 60—80°) in long white needles (1-2 g., 84% based on piperitol), m. p. 133°, 
(x]}) —338° (c, 1 in chloroform) (Found: C, 74-8; H, 84; N, 5-2. C,,H,,0,N requires C, 74-7; 
H, 8-4; N, 5-1%). 
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The a-naphthylurethane, similarly prepared from a-naphthyl isocyanate (1-3 g.) and (—)- 
piperitol (0-7 g.), and similarly cry stallised, formed a felted mass of white needles (1-25 g., 85% 
based on piperitol), m. p. 121°, [«}}? —260° (c, 1 in chloroform) (Found: C, 78-2; H, 7:7; N, 
4-6. C,,H,,0,N requires C, 78-0; H, 7-75; N, 4-3%). 

Hydrogenation of (—)-cis-Piperitol ({a)¥ ~ 246°), —( —)-Piperitol (1-5 g.) in ethanol (15 ml.) 
containing Raney nickel (0-5 g.) was hydrogenated at 130° and 800 Ib./sq. in. foran hour. After 
the catalyst had been filtered off, most of the ethanol was removed by distillation under reduced 
pressure, and water (ca. 40 ml.) added to the residue. The oil that separated had a pronounced 
menthol-like odour and was taken up in light petroleum (b. p. 40—60°). After being washed 
once with water, the light petroleum solution was dried (MgSO,). After filtration the light 
petroleum solution was treated with 3 : 5-dinitrobenzoyl chloride and pyridine, and the resulting 
ester was recovered in the usual way. The crude ester was recrystallised five times from light 
petroleum (b. p. 60—80°), giving pale vellow needles, m. p. 156°, [«]?? —22° (c, 1 in benzene). 
On admixture with an authentic sample of (—)-neomenthyl 3 : 5-dinitrobenzoate there was no 
depression of m. p. 

(+)-trans-Piperityl 3 : 5-Dinitrobenzoate.—(-+-)-Piperitol (77 g., «jf + 54°) in light petroleum 
(b. p. 40—60°) containing pyridine (45 g.) was esterified with 3 : 5-dinitrobenzoyl chloride (127 g.) 
by the method described for (—)-piperityl 3 : 5-dinitrobenzoate. The crude ester (156 g., 90% 
based on piperitol) readily crystallised on the addition of a little light petroleum (b. p. 40—60°), 
and five recrystallisations from this solvent gave the pure ester (90 g., 58° of the crude ester) 
as short, pale yellow needles, m. p. 83°, [x]; 18 4164° (c, lin chloroform) (Found: C, 58-9; H, 
5-9; N, 8-05. C,,H O,N, requires C, 58- 95; H, 5-5; N, 805%). 

(+)-trans-Piperitol. —The foregoing 3 : 5-dinitrobenzoate (39 g., [«]}§ + 164°) was hydrolysed 
with methanolic potassium hydroxide as described for the (—) -piperity1 ester. The (+)- 
piperitol had b. p. 57°/0-15 mm., [a] + 28° (c, 2 in benzene), d?° 0-9203, n® 1-4762, [Rz]p 47°21 
(Calc.: 47-14) (Found: C, 78-1; H, 11-7. C, 9H,,O requires C, 77-9; H, 11:7%); it is a 
viscous, colourless liquid of menthol-like odour and is stable when kept in a sealed container. 

Its p-nitrobenzoate, prepared as already described, and twice secty stallised from light 
petroleum (b. p. 40—60°), formed pale yellow needles, m. p. 69°, [«]}? + 180° (c, 1 in benzene) 
(80% based on piperitol) (Found: C, 67-4; H, 6-9; N, 4-9. C,,H,,0,N requires C, 67-3; H, 
6-95; N, 46%). 

The «-naphthylurethane, prepared as described above and crystallised once from light 
petroleum (b. p. 40—60°), formed fine white needles, m. p. 94°, Calis +122° (c, 1 in benzene) 
(Found: C, 77-9; H, 7-7; N, 46. C,,H,,0O,N requires C, 78-0; H, 7-75; N, 4:3%). 

Hydrogenation of (+-)-trans-Piperitol.—(-+-)-Piperitol (5 g.) in ethanol (50 ml.) containing 
Raney nickel (2 g.) was hydrogenated at 135° and 800 Ib./sq. in. for an hour. The product was 
worked up in the usual way; the yield was 5 g., [«]}f +24° (c, 1 in benzene), and the m. p. 71— 
76°. 3: 5-Dinitrobenzoyl] chloride (1-8 g.) in dry benzene was added to the reduction product 
(1-2 g.) in light petroleum (10 ml.) containing pyridine (0-7 g.).. The ester was worked up in the 
usual way and two recrystallisations from light petroleum (b. p. 40—60°) gave a product, m. p. 
145° undepressed on admixture with an authentic sample of (-+)-isomenthyl 3: 5-dinitro- 
benzoate. 

Reduction of (—)-Cryptone.—(—)-Cryptone (20 g., «i —65° (homogeneous)} in anhydrous 
ether (50 ml.) was : deugeed into a stirred suspension of lithium aluminium hydride (2-76 g.) in 
anhydrous ether (100 ml.) during 10 minutes, and the resulting mixture refluxed for a further 
+ hour, then decomposed with ice-water and sulphuric acid (10%). The ethereal layer was 
separated and washed successively with sodium carbonate (5%) and water and finally dried 
(MgSO,). After removal of the ether, the mixed cryptols were distilled, having b. p. 72— 
74°/0-7 mm. (19 g., 95%, based on cryptone), «jj —81° (homogeneous), representing 25% of 
(+)-cis- and 75% of (—)-trans-cryptol. The rotations of the pure epimers were determined 
by Gillespie, Macbeth, and Mills (/., 1948, 996). 


The authors express their indebtedness to Professor John Read, F.R.S., for supplying an 
authentic sample of (+)-isomenthol, to Dr. Blumann and Messrs. Plaimar Ltd. for the gift of 
piperitone, and to the Commonwealth Research Fund which enabled one of them (J. S. S.) to 
participate in this work. 
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541. 3: 4-Dihydro-2-ketonaphtho(\' : 2’-5 : 6)-1 : 3-oxazine. 
By R. D. HAwortn, R. MACGILLIVRAy, and D. H. PEAcock. 


The preparation of 6’-bromo- and 3’ : 6’-dibromo-3 : 4-dihydro-2-keto- 
naphtho(l1’ : 2’-5 : 6)-1 : 3-oxazine is described. The unbrominated compound 
was not obtained by a similar method. 


WHEN a solution of 1-aminomethyl-2-naphthol hydrochloride was mixed with excess of 
warm sodium hydrogen carbonate solution the corresponding base was set free (Haworth, 
MacGillivray, and Peacock, J., 1950, 1493) but 1-aminomethyl-6-bromo-2-naphthol 
hydrochloride behaved differently. Cold aqueous sodium hydrogen carbonate solution 
set free the base, but a hot solution formed a product C,,H,O,NBr, probably 6’-bromo- 
3: 4-dihydro-2-ketonaphtho(1’ : 2’-5 : 6)-1 : 3-oxazine (I). This type of compound does 
not appear to have been described hitherto, but the oxazolones, containing a somewhat 
similar structure in a five-membered ring, are quite well-known and 2-ketoxazolidine (II) 
was prepared by Gabriel and Eschenbach (Ber., 1897, 30, 2494) by the action of warm 
sodium hydrogen carbonate on 2-bromoethylamine hydrobromide. 


NH 
N—C-OH CH,—NHR 
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The compound (I) was stable to boiling water but was decomposed by dilute sodium 
hydroxide solution to the sodium salt, and by acid to the corresponding salt, of 1-amino- 
methyl-6-bromo-2-naphthol, but 2-hydroxy-§-naphthoxazole (III) (Desai, Hunter, and 
Khalidi, J., 1938, 321), unlike (I), was stable to cold 30% potassium hydroxide solution. 
1-Aminomethyl-3 : 6-dibromo-2-naphthol hydrochloride reacted similarly to the mono- 
bromo-compound with hot aqueous sodium hydrogen carbonate, to give a compound 
regarded as the 3’-bromo-derivative of (I). The presence of a free hydroxyl group is 
necessary for the formation of (I) and its derivatives, and 1-aminomethyl-6-bromo-2- 
methoxynaphthalene hydrochloride when treated with hot aqueous sodium hydrogen 
carbonate gave only the expected base (IV; R = H). 


EXPERIMENTAL 

6’-Bromo-3 : 4-dihydro-2-ketonaphtho(1’ : 2’-5 : 6)-1 : 3-oxazine (I).—To a solution of l-amino- 
methy1-6-bromo-2-naphthol hydrochloride (1 g.) (Haworth, MacGillivray, and Peacock, Joc. cit.) 
in hot water (40 c.c.), sodium hydrogen carbonate (2 g.) was added with stirring, and the mixture 
warmed on a water-bath for several minutes. The precipitated naphtho-oxazine was filtered off, 
washed well with hot water, dried, and washed with ether. It crystallised from hot glacial 
acetic acid, in small cubes (0-9 g.), m. p. 206—208° [Found: C, 51-6; H, 2:8; N, 4-9; Br, 
28-7%; M (in camphor) 290. C,,H,O,NBr requires C, 51-6; H, 2-9; N, 5-1; Br, 28-7%; M, 
278]. The compound was soluble in hot ethanol and insoluble in chloroform, ether, or benzene. 

3’ : 6’-Dibromo-3 : 4-dihydro-2-ketonaphtho(\’ : 2’-5 : 6)-1 : 3-oxazine, prepared similarly to 
the foregoing compound from l-aminomethyl-3 : 6-dibromo-2-naphthol (Haworth, MacGillivray, 
and Peacock, loc. cit.), crystallised from hot acetic acid as a microcrystalline powder, m. p. 180° 
(Found: C, 40-2; H, 2-2. C,,H,O,NBr, requires C, 40-3; H, 2-0%). 

6-Bromo-2-methoxy-1-phenylacetamidomethylnaphthalene (IV; R = CH,Ph°CO).—A solution 
of 6-bromo-1-phenylacetamidomethyl-2-naphthol (2 g.) in methyl alcohol (25 c.c.) and 20% 
potassium hydroxide solution (5 c.c.) was mixed with methyl sulphate (1-5 c.c.); after 
10 minutes at room temperature the mixture solidified. The ether (IV; R = CH,Ph°CO) 
crystallised from hot ethanol in colourless needles (1-8 g.), m. p. 196° (Found : C, 62-7; H, 4:7; 
N, 3-7. Cy 9H,,0,NBr requires C, 62-5; H, 4:7; N, 3-7%). 

1-A minomethyl-6-bromo-2-methoxynaphthalene (IV; R = H).—The acyl derivative (IV; 
R = CH,Ph°CO) (1-0 g.) was boiled under reflux for 3 hours with concentrated hydrochloric 
acid (6 c.c.) and ethanol (20 c.c.). The crystalline hydrochloride separated on cooling, and was 
filtered off, washed with alcohol, and crystallised from hot water, from which it separated as 
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colourless needles (0-4 g.), m. p. 256° (decomp.) (Found: C, 46-2; H, 4:2; N, 4-6. 
C,,H,,;ONCIBr requires C, 46-3; H, 4-3; N, 46%). The base (IV; R = H), liberated from the 
hydrochloride by hot or cold aqueous sodium carbonate, crystallised in colourless needles, m. p. 
172° (Found: Br, 30-2. C,,H,,ONBr requires Br, 30-1%). 

THE UNIVERSITY, SHEFFIELD, 10. [Received, April 22nd, 1952.) 


542. The Composition of Acetic Acid—Water Mixtures. 
By J. J. Kip.ine. 

An analysis, based on density data, gives the approximate composition of 
aqueous solutions of acetic acid in terms of the mole-fractions of water and of 
monomeric and dimeric acetic acid over the complete concentration range. It 
is assumed that the monomer is present mainly in the hydrated form, as is 
suggested by the Raman spectra. The results are used in a further analysis, 
which is based on the law of mass action equations for the equilibria of 
dimerisation and hydration of monomeric acetic acid. This treatment gives 
the mole-fractions of hydrated and unhydrated monomer separately. 


It has long been known that the density of aqueous solutions of acetic acid is not a linear 
function of either volume or weight concentration, the curves showing a maximum at 
about 77% acetic acid by weight at room temperature. A similar maximum is also found 
in the curves for viscosity and refractive index. Krishnamurti (Nature, 1931, 128, 639; 
Indian J. Physics, 1930, 6, 401) has investigated the Raman spectra of these solutions. On 
dilution of glacial acetic acid, a new line appears which he attributed to the formation of a 
hydrate, CH,*CO,H,H,O. He noted that in 75% solution, this line had completely replaced 
the characteristic line given by glacial acetic acid, and drew attention to the fact that the 
hydrate contains 77% of acetic acid by weight, corresponding to the solution of maximum 
density. Holmes (J., 1906, 1774) had earlier pointed out that for aqueous solutions of 
formic, propionic, and m-butyric acids, as well as for acetic acid, the contractions in the 
percentage volumes occupied by the acids is greatest (at 20°) for a 1: 1 molecular ratio, 
water : acid. 

From our present knowledge of hydrogen bonding, it might be expected that monomeric 
acetic acid would form hydrogen bonds with water (to give a hydrate) and with itself (to 
give the dimer) to comparable extents, in so far as an O—H---O bond would be involved in 
each case. The postulate of a monomer hydrate, already familiar in the case of ammonia 
and its derivatives, has also been made for benzoic and salicylic acids (Szyszkowski, 
Z. physikal. Chem., 1927, 181, 175). The existence of acetic acid hydrate has been 
questioned by Koteswaram (Z. Physik, 1938, 110, 118), but has been re-affirmed after a 
more detailed investigation by Traynard (Bull. Soc. chim., 1947, 316). 

The Raman spectra referred only to a few chosen concentrations, and did not cover the 
complete range of concentration. In view of this, we have attempted (for a single 
temperature, 20°) a semiquantitative analysis in order to give a more detailed picture of 
the compositions of solutions of all concentrations. The approach is in two stages. In 
each case it is assumed that glacial acetic acid exists almost entirely as the dimer at 20°. 
This is in accordance with the findings of MacDougall (J. Amer. Chem. Soc., 1936, 58, 2585) 
for acetic acid vapour at 25°. It is also assumed, on the basis of the results of Krishnamurti 


-and of Traynard, that the breakdown of dimer on dilution of acetic acid gives mainly the 


hydrated monomer, with very little unhydrated monomer. 

First Stage.—The initial approach uses the density curve, plotted in terms of volume 
fractions. In dilute solutions of acetic acid, the dimer is likely to be present in vanishingly 
small concentrations. The tangent (A in Fig. 1) to the curve at 0% acetic acid may there- 
fore be taken as approximating to the density curve which would be given if the system 
consisted only of hydrated monomer and water. This line can be used, for the purposes of 
calculation, only up to the volume fraction (about 0-75) corresponding to the composition 
of the hydrate, CH,*CO,H,H,O, at which the density is pp. The line B is taken as 
approximating to that which would be given if the system consisted only of dimeric acid 





[1952] Acetic Acid—Water Mixtures. 2859 


and water. Then for ideal behaviour in respect of volume additivity, it can be shown that, 
for any given solution : 
my /mMa = dope/d yea 


where m, and mg are the masses of monomer hydrate and dimer respectively, and d,, d,, 
pa, and pe have the significance shown in Fig. 1. A similar expression can be used, in 
relation to the line C, for the concentrated solutions (volume fraction >0-75). (It would be 
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expected that the monomer hydrate would have a higher density, pp, than that of the 
dimer, pa, in which there are two methyl groups). 

Fig. 2 shows the results of this analysis for 20°, based on the critical compilation of 
density data in International Critical Tables, Vol. 3. 

Second Stage.—The second stage is based on the law of mass action equations for the 
equilibria of dimerisation and hydration of monomeric acetic acid : 





[monomer]*/[dimer] = K, 
{hydrate]/([monomer][water]}) = K, . . . . . (2) 
where the concentrations are in mole fractions. From these equations, it follows that : 


[hydrate] = K,[water]/K,[dimer] 
or [hydrate]? = K,K,*[water}[dimer] . . . . . . (8) 
Also, [dimer] = 1 — [water] — [monomer] — [hydrate] . . . . (A) 


As we assume that the monomer will readily either dimerise or become hydrated, we can 
write as an approximation : 


{hydrate}? = K,K,?[water]*(1 — [water] —[hydrate]) . . . (5) 


For any selected value for the mole-fraction of water, this leads to a quadratic equation in 
[hydrate], the positive root of which gives an approximate analysis of the system. This can 
be used in equation (2) to obtain an approximate value of [monomer], which in turn can be 
used in equations (4) and (3) for further successive approximations. 

The analysis can be made with these equations if it is assumed that water is present 
solely as monomeric water. This is an inadequate assumption, though it is difficult to 
find data on which to base a more realistic calculation. An attempt has, however, been 
made to show the effect to be expected from both the association of water and its change 
with concentration. For mathematical convenience, this has been done by treating the 
water as if it were (H,O) 9, dissociating according to the expression : 


[H,OP/[(H,0),J=K,........ 
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A given value of [(H,O),] then gives a value for [H,O] which can be used for [water] in 
equation (2). Equation (5) becomes : 


hydrate}? = K,K,*(H,O}*{1 — [H,O] — [(H,0),] — hydrate}. . (7) 
The analysis is shown in Fig. 3, for the following values of the constants: K, = 1/90, 
K, = 100, Kz = 1/50. The value of K, is chosen to give a rather higher degree of 
association in liquid acetic acid at 20° than was found in the vapour at 25° (MacDougall, 
loc. cit.). The values of K, and Ky, have been derived to give approximate agreement 
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C, Acetic acid hydrate. 
D, Total monomeric acetic acid. E, (H,O)>. 
F, Total water. 


TABLE 1. 


(1) Solutions of water in acetic acid. 
b c d 
45° 467° 5-5° 
3-2 3-50 3-8 
1-5 1-53 1-64 
Weight-fraction of acetic acid. 
F. p. depression, Jones and Murray : 
ie Richmond and England } interpolated. 
= Calc. depression, analysis of Fig. 3. 
= Mole-fraction acetic acid (dimer and free monomer), analysis of Fig. 3. 
= Calc. — for H,O in (AcOH),. 
” (H 20), in (AcOH),. 
»  (H,O), in AcOH. 
»  H,Oin AcOH. 


(2) Solutions of acetic acid in water. 
n 0 p 
4-23° 0-9265 2-17° 
2-95 0-9481 1-50 
0-9650 “ 1-09 0-9805 0-56 
- Weight-fraction of water. 
= F. p. depression, Jones and Murray, interpolated. 
Calc. depression, analysis of Fig. 3. 
Mole-fraction of water [H,O and (H,O),], analysis of Fig. 3. 
Calc. depression, for (AcOH), in H,O. 
: = » (AcOH), in (H,O),. 
, AcOH in (H,0),. 
AcOH in H,0. 
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between this analysis and that based on the density data (Fig. 2), particularly for the 
dilute solutions. For this purpose, Fig. 2 has been plotted on the assumption that the 
molecule of water is (HO), throughout. The value of K, finds support in that the hydrogen 
bond is weaker in water than in acetic acid (Pauling, ‘‘ The Nature of the Chemical Bond,”’ 
Cornell Univ. Press, New York), but that polymeric water has considerable stability 
in organic solution such as acetone (Rao, Phil. Mag., 1935, [vii], 20, 587). For 
the present system, we are guided especially by the spectroscopic evidence, which 
emphasises the stability of the hydrated acetic acid. This treatment of water, although 
artificial, gives a more adequate mathematical representation of the system, which is 
consistent over the whole concentration range, than any simpler assumption. This is seen 
by reference to the cryoscopic data given in Table 1 (Jones and Murray, Amer. Chem. J., 
1903, 30, 193; Richmond and England, Analyst, 1926, 51, 283). Table 1 shows values 
interpolated from experimental data for both ends of the concentration range, compared 
with theoretical values calculated from the equation: 


AT =—(RMT9/L)inz, . . ...... (8) 

where AT is the depression of the freezing point, and x, the mole-fraction of the solvent. 
Discussion.—It is seen first that the two analyses give curves of the same form, 
especially if the curve for hydrated acetic acid in Fig. 2 is compared with the curve for total 
monomer in Fig. 3. This suggests that the postulate of a monomer hydrate is a useful one. 
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Given that the analysis based on the law of mass action is qualitatively concordant with 
that based on density data, it can be seen that it has two advantages; first, in giving 
separately the mole-fractions of hydrated and unhydrated monomer at all concentrations ; 
secondly, in giving an analysis for all molecular species in the region of high acetic acid 
concentrations, and one which is compatible with the cryoscopic measurements in this 
region. Although this region is small in terms of weight-fraction, it is probably of 
considerable importance in many studies of the complete system. The present treatment 
cannot be claimed to be quantitatively precise; in particular, the association of water is 
difficult to allow for. It can be shown, however, that the results of the law of mass action 
analysis are relatively insensitive to considerable changes in this factor. It is therefore to 
be expected that a more exact analysis might differ in detail, but not in form, from that 
given in Fig. 3. 

In most solvents in which acetic acid has been studied, it exists almost entirely as the 
dimer (except in high dilution), without any sign of solvation. Recently, however, a 
cryoscopic study has been made of the solution in benzophenone (Vandoni and Chazeau, 
Mem. Serv. Chim., 1948, 34, 97). The results are plotted in Fig. 4, curve A. From this it 
will be seen that the value of the molecular weight remains well below 120 (that of the 
dimer) up to quite considerable concentrations. Vandoni and Chazeau therefore concluded 
that dimerisation was being inhibited by solvation of the monomer through hydrogen 
bonding, similar to the effect which has been described above for aqueous solutions. 
Curve A, however, seems unlikely to rise, if continued, to a value near 120, which glacial 
acetic acid must have. It appears that the results have been calculated from the formula : 


M, = RT?*w, LATw, . . . ° . . . . (9) 
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which is useful only in very dilute solutions. We have recalculated the results from the 
more exact equation (8) which, though strictly applicable only to dilute, ideal solutions, is 
probably less unsatisfactory than equation (9) in indicating the trend of molecular 
association. The new results are shown in Table 2 and are plotted as Curve B in Fig. 4. 


TABLE 2. 
Acetic acid, 
weight- mole- M M 
fraction fraction F. p. AT (V & C) (K) 
0-0 , 19-62° 0-0° —_ _— 
0-0122 . 18-64 0-98 70:3 69-4 
0-0231 : 17-65 1-97 66-4 65-3 
0-0874 . 13-55 6-07 81-3 82-6 
(0-1870 - 7-71 11-90 88-75 94-5) 
(0-3362 . —0-70 20-32 93-48 110-7) 
(0-3362 . —0-84 20-46 92-30 109-9) 


It appears that the effect of solvation may be less than that claimed by Vandoni and 
Chazeau, but will be seen to be still significant, if this curve is compared with similar 
curves for non-polar solvents, e.g., benzene. 

We may therefore expect to find similar behaviour when acetic acid is dissolved in other 
liquids which offer the possibility of hydrogen bonding. This factor may be of considerable 
importance in physico-chemical studies, as it is hoped to show in a later paper. 


UNIVERSITY COLLEGE, HULL. (Received, December 7th, 1951.) 
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543. The Chemistry of the Triterpenes. Part XI.* The Conversion 
of Lupeol into Germanicol (isoLupeol). The Structure of Lupeol 
Hydrochloride. 


By T. G. HALSALL, E. R. H. Jones, and G. D. MEAKINs. 


isoLupenyl acetate, obtained from lupeol hydrochloride by Duerden, 
Heilbron, McMeeking, and Spring (J., 1939, 322), has been shown to be identi- 
cal with germanicyl acetate. The simplest members of the lupeol and the 
germanicol series have thus been directly inter-related. 

Lupeol hydrochloride is formulated as 19(«)-chloro-18(«)-oleanan-2“8’’-ol 
(XIII) from a consideration of its reduction to the known 18(«)-oleanan- 
2‘‘8’’-ol and its dehydrochlorination by various reagents. The stereochem- 
istry at four of the asymmetric centres of lupeol (C3, C,,, Cys, amd Cy.) can 
now be regarded as rigidly established. 

A preliminary account of part of this work has already been published 
(Ames, Davy, Halsall, Jones, and Meakins, Chem. and Ind., 1951, 741). 


Nomenclature.—TuE nomenclature used in this and the following paper is as follows. 
The name oleanane is applied to structure (A) with the stereochemical orientation at 
Crs, Cog, Coy, Coro» Crag, and Cay defined as that found in 8-amyrene [olean-13(18)-ene]. 
The orientation at C,,3) is defined as that found in germanicol (and in 8-amyranol) in which 
the hydrogen atom at C;,,) has been shown to be cis to the methyl group at C;,,) (Barton 
and Brooks, J., 1951, 257). The orientation at C,,,) is defined as that found in oleanolic 
acid in which the hydrogen atom at C;,,) has been shown to be cis to the methyl group 
at Cz) (Barton and Holness, J., 1952, 78). 

Prefixes « and 8 have been used by Barton (Experientia, 1950, 6, 316) to denote the 
configuration of substituents on rings A and B relative to the methyl group at C,,) which 
was arbitrarily assigned the §-configuration, i.e., the C,,-methyl group was arbitrarily 
assumed to lie above the plane of the ring, as denoted by the thick bond in formula (B). 

The orientation of substituents attached to rings D and E will now be provisionally 
related to the methyl group at Cy). There is evidence (Barton and Holness, Joc. cit. ; 
Klyne, personal communication) that this methyl group at C;,,) lies on the same side of 


* Part X, J., 1951, 2702. 
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the plane of the ring system as does that at C,,); this relation is now accepted, but, until 
it is confirmed, the configurational prefixes of groups attached to rings D and E will be 
enclosed in parentheses; thus, the C,,»-methyl group taken as subsidiary standard is 
assigned the prefix (8). 


(4) Me Me 


The 2-hydroxyl group in 8-amyrin has been considered to have the $-configuration on 
the former of the above conventions. Until this is finally proved or disproved, we shall 
denote the configuration of the hydroxyl group in these substances as “8 ”’ (in quotation 
marks). §-Amyrin would therefore be designated olean-12-en-2‘‘8’’-ol, and 18-iso-s- 
amyranol (Budziarek, Manson, and Spring, J., 1951, 3336), in which rings D and E are 
trans-fused, would be 18(a)-oleanan-2°'8’’-ol (cf. Rule 5.1 of the rules for steroid nomen- 
clature, J., 1951, 3532). 

On the above conventions it is tentatively believed that the structure of oleanan-2‘8’’- 
ol may be completely represented in the form (B) (Barton and Holness; Klyne, locc. cit.). 

However, there is evidence (Klyne, Chem. and Ind., 1952, 172) that the « and 8 con- 
ventions are used in opposite senses in the steroid and the triterpenoid field, 7.e., that the 
two reference groups—the C;,9)-methyl group in the steroids and the C,,-methyl group in 
triterpenoids—although both labelled 8, lie one above and the other below the plane of the 
paper in the conventional representation. This will be tentatively accepted. It then 
becomes advisable to reconcile the two conventions. The steroid conventions are so long 
established that it is preferable to change the above triterpenoid conventions, and it is 
proposed, following a most helpful suggestion from the Editors, to do this as follows. 

(1) The formule of triterpenoids will be turned through 180° about an axis through 
Cry and Cz). (2) The prefixes « and 8 will be retained as previously, and they will continue 
to be denoted by broken and thick bonds which will denote those directed below and above 
the plane of the paper respectively, as hitherto. The formula for oleanan-2‘'§’’-ol thus 
becomes (C). The effect is to retain the present prefixes, the method of denoting them in 
projection formule, and the relative orientations of the substituents, but to reverse the 
actual arbitrary orientations at each asymmetric centre of a triterpenoid. 

In the present state of knowledge it appears probable that formula (C) correctly inter- 
prets the positions of substituents in oleanan-2‘8’’-ol relative both to each other and to 
the steroids. 

If later Klyne’s correlation of the triterpenoids and steroids should be reversed, the 
names, the prefixes, and the representation of the prefixes can still be retained and it will 
merely be necessary to revert from formule of type (C) to those of type (B). 

Bijvoet, Peerdeman, and van Bommel (Nature, 1951, 168, 271) have shown that the 
absolute configuration of glyceraldehyde is correctly represented by the Fischer convention. 
Lardon and Reichstein (Helv. Chim. Acta, 1949, 32, 2003) have tentatively concluded that 
the steroid conventions are the opposite of the Fischer convention and should thus be 
reversed in an absolute sense, ¢.g., that the steroid C;,9-methyl group (8) lies below the plane 
of the conventionally written rings. If Lardon and Reichstein’s observation is confirmed, 
the prefixes, the present methods of writing ring structures, and the representations of « 
and 8 by broken and thick or normal bonds can be retained, but the convention on which 
the bond representation is based can be reversed: it will merely be necessary to specify 
that a broken bond represents one directed above the plane of the paper and a full or heavy 
line one directed below the plane of the paper. 
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Structurally the change of (B) to (C) emphasises several apparent relations between 
steroids and triterpenoids (both penta- and tetra-cyclic), but the realities behind these 
appearances remain to be established. 

In reversing the presentation of triterpenoid formula we have the concurrence of 
Professor F. S. Spring, F.R.S., Dr. D. H. R. Barton, and Dr. W. Klyne to whom we are 
much indebted for discussion of the implications. We would also like to express our 
appreciation to the Editor for his advice and help in drawing up this statement. 


Davy, Halsall, and Jones (J., 1951, 2696) have described the conversion of betulin (I), 
a triterpene of the lupeol group, into moradiol (III), the corresponding member of the 
germanicol series. There is no possibility of converting the parent alcohol, lupeol (II), 
into germanicol (IV) by asimilar method. Further, the direct isomerisation of lupeol, or one 
of its derivatives, into germanicol is unlikely to be satisfactory since under the acidic con- 
ditions necessary for this process further isomerisation to the 8-amyrin system (V) will 
occur. This desirable conversion of the parent alcohol has now been achieved following 
investigations in two directions. The first of these is discussed here; the second in the 
following paper. 

As indicated by Ames, Halsall, and Jones (/J., 1951, 450) evidence of rearrangement 
involving the double bond of lupeol was provided by Duerden, Heilbron, McMeeking, and 
Spring (J., 1939, 322) who showed that lupeol could be converted into the acetate of an 
isolupeol by addition of hydrogen chloride, followed by dehydrochlorination and acetyl- 
ation. Inspection of the constants of the isolupenyl acetate (m. p. 269—270°; [a]? 
+ 25-3°) suggested the possibility of its identity with germanicyl acetate (m. p. 274—276° ; 
[«]» +18-1°) (Simpson, J., 1944, 283). A reinvestigation of these reactions has therefore 
been carried out. 
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Repetition of the hydrochloride preparation by the original procedure yielded an im- 
pure product, and a modified procedure has therefore been developed. Dehydrochlorin- 
ation of the hydrochloride by boiling it under reflux with acetic anhydride for 20 hours 
yielded an acetate (isolupenyl acetate) which had the same constants as, and whose melting 
point was undepressed on admixture with, an authentic specimen of germanicy] acetate, 
kindly provided by (the late) Dr. J. C. E. Simpson. The infra-red spectra of the two 
acetates were identical. The constants of the alcohol and the ketone agreed with those 
of germanicol and germanicone. A comparison of the melting points and rotations of the 
compounds derived from lupeol with those of the corresponding germanicol derivatives is 
given in the table. 

isoLupeol series Germanicol series 
M. p- [a}p M. p- falp 


Alcohol 180—181° + 7 176—177° - 6° 
Acetate 279—-280 +19° 274 +18°1 
Ketone 188—190 +37 186 —? 
1 Simpson, /., 1944, 283. 
2? Dupont and Julia, Bull. Soc. chim., 1947, 1071. 


Although the structures of lupeol (II) (Ames, Halsall, and Jones, loc. cit.) and germanicol 
(IV) (David, Bull. Soc. chim., 1947, 14, 1071; Barton and Brooks, J., 1951, 257) are known, 
the nature of the intermediate hydrochloride is not immediately apparent. The two basic 
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structures to be considered are (VI) and (VII). The former involves direct addition of 
hydrogen chloride, rearrangement to the six-membered ring occurring on dehydrochlorin- 
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ation ; structure (VII), on the other hand, envisages a ring enlargement during the addition. 
The latter alternative has in fact been shown to be correct. 

Reduction of lupeol hydrochloride with sodium and isopropyl alcohol or by hydro- 
genation with a Raney nickel catalyst under mild conditions gave an alcohol which was 
not lupanol (VIII), thus excluding structure (VI). From structure (VII) 18(«)-oleanan- 
2*‘g’’-ol (LX) should be obtained. This compound has recently been prepared by Bud- 
ziarek, Manson, and Spring (J., 1951, 3336) and its constants are identical with those of 
the reduction product of lupeol hydrochloride (cf. Ames, Davy, Halsall, Jones, and Meakins, 
Chem. and Ind., 1951, 741). The identity of the alcohol and its acetate with 18(«)-oleanan- 
2‘‘p’’-ol and 18(«)-oleanan-2‘‘8’’-yl acetate has been confirmed by mixed melting-point 
determinations kindly carried out by Professor F. S. Spring. 

Formula (VII) having been established as the basic structure of lupeol hydrochloride, 
the configuration at C;,9, carrying the chlorine atom, has to be elucidated. The two 
a are represented by the partial formule (X) and (XI), with the chlorine atom 
polar (8) and equatorial («), respectively. 


hg ee ye 


(x1) (XII) 


Elimination of hydrogen chloride by an E, mechanism (trans-elimination) from (X) 
should lead to germanicol. An analogous reaction is the formation of moradiol diacetate 
by the ¢rans-dehydration of 18(«)-oleanan-2*'8”’ : 19(8) : 28-triol 2‘‘8”’ : 28-diacetate (Davy, 
Halsall, Jones, and Meakins, J., 1951, 2702). In the case of (XI) the product should be 
lupeol, the reaction being analogous to the formation of the five-membered ring A which 
occurs when elimination of the Cy -hydroxyl group of pentacyclic triterpenes is brought 
about, as in the preparation of y-lupene from lupanol (cf. Barton, Experientia, 1950, 6, 
316). Duerden ef al. (loc. cit.) effected dehydrochlorination of lupeol hydrochloride with 
silver acetate in ethanol and obtained lupeol, an observation which has been confirmed in 
the present work. In this reaction an E,-type of mechanism presumably operates, attack 


by Ag* on the chlorine atom being the initial step (cf. XII). This being so, the configuration 
8x 
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at Cy) in the hydrochloride must be that represented by (XI), and the hydrochloride is 
to be formulated as 19(«)-chloro-18(«)-oleanan-2“ 8 ’’-ol (XIII). 

i, eg 

HO 
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The dehydrochlorination to the germanicol structure which occurs on boiling under 
reflux with acetic anhydride is unlikely to take place by an FE, ionic mechanism. Two 
possible alternatives have been considered: an EF, ionic mechanism and a pyrolytic uni- 
molecular cis-elimination. Structure (XI) fulfils the stereospecific requirements of the 
second mechanism. To distinguish between these possibilities lupeol hydrochloride has 
been heated under reflux in xylene, a non-ionising solvent of the same boiling point as acetic 
anhydride, and in benzonitrile, an unreactive solvent with good ionising properties. In the 
first case the hydrochloride was recovered unchanged, but in benzonitrile, as in acetic 
anhydride, germanicol was obtained. The pyrolytic mechanism is thus excluded and the 
E, ionic mechanism indicated. 

The re-formation of lupeol from the hydrochloride is of considerable stereochemical 
significance. As the silver acetate reaction will not affect the D-E ring fusion, lupeol 
must have the same D-E configuration as the hydrochloride and, in turn, as 18(«)-oleanan- 
2‘‘g’’-ol since this is formed from the hydrochloride. The D-£ ring fusion of 18(a)- 
oleanan-2‘‘8’’-ol is known unambiguously to be trans from its method of synthesis (Bud- 
ziarek et al., loc. cit.) and hence the trans-D-£ ring fusion for lupeol, suggested by Davy, 
Halsall, Jones, and Meakins (oc. cit.), is confirmed. Further, the formation of the hydro- 
chloride and its reconversion into lupeol, as represented in (XII), requires that the iso- 
propenyl group should be trans to the C;,y-methyl group. This conclusion differs from 
that previously drawn by Davy, Halsall, Jones, and Meakins (loc. cit.) by consideration 
of the conversion of betulin (I) into the anhydride (XIV) (Ruzicka and Rey, Helv. Chim. 
Acta, 1943, 25, 2143). We believe, however, that inversion occurs at Ci) at some stage 
during the formation of (XIV). This point is now being examined. 


EXPERIMENTAL 

(M.p.s were determined on a Kofler block and are corrected. Rotations were determined 
in chloroform. Light petroleum refers to the fraction with b. p. 40—60°. The alumina used 
for chromatography had an activity of I—II.) 

Lupeol Hydrochloride (cf. Duerden et al., loc. cit.)—Dry ethanol (800 c.c.) was saturated 
with hydrogen chloride at 0° and added gradually to a solution of lupeol (10 g.) in ethanol 
(500 c.c.) with periodic cooling. After 5 days at 20°, dilution with water and extraction with 
chloroform yielded the hydrochloride, which crystallised from ethanol containing a little chloro- 
form as a felted mass of needles (4-1 g.), m. p. 204—206°, [a]? —26° (c, 1-0). Further purific- 
ation was effected by adsorption of the hydrochloride (0-82 g.) from benzene-—light petroleum 
(1:4; 85 c.c.) on a column of alumina (60 g.), and elution with benzene-ether (1:1; 500 c.c.), 
whereupon a fraction (0-74 g.) was obtained which crystallised from ethanol as needles (0-63 g.), 
m. p. 211—212°, {«]}?? —31° (c, 1-1) (Found: C, 77-6; H, 10-9; Cl, 7-75. Calc. for C,,H;,OC1: 
C, 77-8; H, 11-0; Cl, 7-7%). Duerden et al. (loc. cit.) report the following constants for lupeol 
hydrochloride : m. p. 195—196°, [a], —10° (c, 0-9). 

Germanicyl Acetate (isoLupenyl Acetate).—Lupeol hydrochloride (3-2 g.) in acetic anhydride 
(50 c.c.) was boiled under reflux for 22 hours. The crystalline material (2-4 g.) which separated 
on cooling was washed with alcohol, dried, adsorbed from light petroleum—benzene (9: 1; 
70 c.c.) on a column of alumina (250 g.), and eluted with the same solvent (2 x 1500c.c.). The 
second fraction (1-95 g.) was crystallised from chloroform-ethanol, giving lustrous plates of 
germanicy] acetate (isolupeny] acetate) (1-6 g.), m. p. 274 —275°, [a]? +18° (c, 0-99). Repeated 
recrystallisation raised the m. p. to 279—280° (undepressed on admixture of the specimen with 
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authentic germanicyl acetate), [a]? +19° (c, 0-95) (Found: C, 82-05; H, 11-3. Calc. for 
C3,.H,;,0,: C, 82-0; H, 11-2%). 

Germanicol (isoLupeol).—isoLupenyl acetate (275 mg.) in benzene (3 c.c.) was heated under 
reflux for 2 hours with 5% ethanolic potassium hydroxide (20 c.c.). The product (259 mg.), 
isolated in the usual manner, was adsorbed from light petroleum—benzene (9: 1) on a column of 
alumina (20 g.). The fraction (220 mg.) eluted with benzene-ether (4 : 1) was crystallised from 
methanol, giving germanicol (isolupeol) as small needles (200 mg.), m. p. 180—181° (undepressed 
on admixture of the specimen with an authentic sample of germanicol), [«]?? +-7° (c, 1-0) (Found : 
C, 84-3; H, 11-8. Calc. for C,,H,;,0: C, 84-45; H, 11-8%). 

Germanicone (isoLupenone).—isoLupeol (410 mg.) in acetic acid (70 c.c.)—chloroform (18 c.c.) 
was added to chromic acid (150 mg.) in 95% acetic acid (15 c.c.), and the mixture kept at 20° 
for 2 days. The product, isolated in the usual manner, was adsorbed from light petroleum on 
a column of alumina (50 g.). Elution with light petroleum—benzene afforded germanicone 
(isolupenone) (320 mg.), which was twice crystallised from methanol-chloroform giving thin 
lustrous plates (265 mg.), m. p. 188—190°, [a]? +37° (c, 1-0) (Found: C, 85-1; H, 11-4. Calc. 
for C,,H,,0: C, 84-8; H, 11-4%). 

Conversion of Lupeol Hydrochloride into Lupenyl Acetate.—Lupeol hydrochloride (300 mg.) 
was dissolved in hot ethanol (30 c.c.) and boiled under reflux with silver acetate (400 mg.) for 
18 hours. During this time the suspended solid became dark and a silver mirror formed on the 
surface of the flask. Dilution with water followed by ether-extraction yielded a product, 
which was heated under reflux with acetic anhydride (3-5 c.c.) for 1 hour. The solution was 
then poured into water, and the product, isolated with ether, was crystallised from ethanol— 
chloroform, forming plates (230 mg.), m. p. 204—208°. Further recrystallisation afforded 
lupenyl acetate as small plates (200 mg.), m. p. 215—216° (undepressed on admixture of the 
specimen with an authentic sample) ,{«]?? +46° (c, 0-93). 

18(a)-Oleanan-2"'8’’-yl Acetate.—(a) Reduction of lupeol hydrochloride with sodium and iso- 
propyl alcohol. Sodium (7—8 g.) was added in small pieces during 2 hours to a boiling solution 
of lupeol hydrochloride (300 mg.) in dry isopropyl alcohol (50 c.c.). Destruction of excess of 
sodium with ethanol, and dilution of the solution with water and extraction with chloroform 
yielded a discoloured solid (245 mg.) which was acetylated at 20° for 12 hours with pyridine 
(4 c.c.)—acetic anhydride (3 c.c.) and then adsorbed from light petroleum—benzene on a column 
of alumina (30 g.). Elution with light petroleum-—benzene (9:1; 700 c.c.) yielded 18(a)- 
oleanan-2‘‘8’’-yl acetate which crystallised from chloroform—methanol as plates (65 mg.), 
m. p. 286° {undepressed on admixture of the specimen with an authentic sample [m. p. 280— 
282°; [a]p +43°]}, [a] +42° (c, 1-1) (Found: C, 81-3; H, 11-4. Calc. for C,,H,,0,: C, 
81-65; H, 11-6%). 

(b) Hydrogenolysis of lupeol hydrochloride. Lupeol hydrochloride (500 mg.) in ethanol 
(230 c.c.) was shaken with hydrogen in the presence of Raney nickel for several hours at 20°. 
After filtration and evaporation of the solution the amorphous residue was acetylated with acetic 
anhydride (10 c.c.)—pyridine (10 c.c.) for 2 hours at 100°. The product, treated as above, yielded 
18 («)-oleanan-2‘‘8’’-yl acetate as plates (395 mg.), m. p. 283—284°, [a]? + 39° (c, 1-2). 

18(«)-Oleanan-2‘‘ 8’’-ol.—18(«)-Oleanan-2“‘8”’-yl acetate (206 mg.) in benzene (20 c.c.) 
was heated under reflux with 4% ethanolic potassium hydroxide (40 c.c.) for 2 hours. Dilution 
with water followed by ether extraction yielded a discoloured solid (170 mg.) which was adsorbed 
from light petroleum—benzene (1: 1) on a column of alumina (10 g.). Elution with benzene- 
ether (4 : 1) yielded 18(«)-oleanan-2“ 8’’-ol which, after three recrystallisations from chloroform— 
methanol, gave lustrous prisms (125 mg.), m. p. 230—231° with softening from 224° {undepressed 
on admixture of the specimen with an authentic sample, m. p. 229—230°, [a]p +36°}, [a]? 
+38° (c, 0-92). 

Dehydrochlorination of Lupeol Hydrochloride in Benzonitrile——The hydrochloride (0-5 g.) 
in purified benzonitrile (50 c.c.) was heated under reflux for 4 hours with nitrogen bubbling 
slowly through the solution. The solvent was then evaporated under reduced pressure, ethanol 
was added and also evaporated off, and the residue was adsorbed from light petroleum—benzene 
(9: 1) on a column of alumina (50 g.). The fraction eluted with benzene-ether (4:1) was 
crystallised twice from chloroform-methanol, giving germanicol as small needles (250 mg.), 
m. p. 173—176° undepressed on admixture of the specimen with an authentic sample. 


Thanks are due to Mr. E. S. Morton and Mr. H. Swift for microanalyses. 
THE UNIVERSITY, MANCHESTER, 13. [Received, January 26th, 1952.) 
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544. The Chemistry of the Triterpenes. Part XII.* The Action 
of Formic Acid on Lupeol. 


By T. R. Ames, G. S. Davy, T. G. HALsALt, and E. R. H. Jones. 


The action of formic acid on lupeol and lupenone has been investigated. 
When the triterpene is in benzene solution at 20°, the formic acid adds on to 
the unsaturated system in the same manner as hydrogen chloride (Halsall, 
Jones, and Meakins, preceding paper) with ring enlargement and the form- 
ation of a derivative of 18(«)-oleanane-2‘‘8”’ : 19(«)-diol. As with the corre- 
sponding 19(«)-chloro-compound, this new 19(«)-hydroxy-compound can be 
converted either into lupenyl acetate by ring contraction or, via the corre- 
sponding 19-keto-derivative, into 18(«)-oleanane-2‘‘8’’ : 19(8)-diol 2-acetate 
and thence to germanicyl acetate. These observations confirm the stereo- 
chemical conclusions concerning lupeol drawn in the preceding paper. They 
are also relevant to the hypothesis put forward by Jeger and Dietrich (Helv. 
Chim. Acta, 1940, 33, 715) suggesting a common precursor of many of the 
pentacyclic triterpenes. 

A preliminary account of part of this work has already been published 
(Ames, Davy, Halsall, Jones, and Meakins, Chem. and Ind., 1951, 741). 


In continuation of the study of the acidic isomerisation of lupeol (I; R = H) and its 
derivatives (Ames, Halsall, and Jones, J., 1951, 450), the effect of formic acid has been 
investigated. Nojd (Arch. Pharm., 1927, 265, 381) has already studied the action of 
boiling formic acid on lupeol and has reported the isolation of the formates of two alcohols, 
«-allolupeol and £-allolupeol, which were suitably characterised. The constants of these 
compounds and their derivatives do not agree with those of 8-amyrin (II) or lupenol-1 and 
their corresponding derivatives. In the present investigation, by using milder conditions 
neither «-allolupeol nor $-allolupeol has been isolated, and their nature is not clear. 


(TV) 


Lupeol reacts with formic acid under very mild conditions. When lupeol or lupenone 
was shaken in benzene with formic acid for several days, the acid added to the unsaturated 
centre giving a saturated hydroxy- or keto-formate. Hydrolysis of the formyl group and 
oxidation of the resulting hydroxyl group led to a ketone. The addition reaction there- 


* Part XI, preceding paper. 

+ Added in Proof.—Since this paper was submitted we have obtained full details of the work of 
Biedebach (Arch. Pharm., 1943, 281, 49) on the action of boiling formic acid on lupeol. He reports the 
isolation of a-allolupeol and of a new isomer, y-allolupeol, but not of f-allolupeol. The constants of 
y-allolupeol and of its acetate and benzoate are identical with those of germanicol and its derivatives, 
and it is extremely likely that y-allolupeol is germanicol. This is being checked and the nature of 
a-allolupeol further investigated. 
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fore gives the formate of a secondary alcohol, and consequently partial formula (III) for 
the formates is excluded. By analogy with the hydrogen chloride addition reaction 
(Halsall, Meakins, and Jones, preceding paper) partial structure (IV) may be put forward 
for lupenone formate [19(«)-formyloxy-18(«)-oleanan-2-one *] and lupeol formate [18(«)- 
oleanane-2‘‘8’’ : 19(«)-diol 19-formate (V; R! =H, R? = H-CO)]. This has been con- 
firmed as + in 

Hydrolysis of lupeol formate, or reduction of lupenone formate with lithium aluminium 
hydride gave a diol [18()-oleanane-2‘‘8’’ : 19(«)-diol (V; R! =H, R? = H)], acetylation 


2 
OK 
Af 
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\ 


(XIII) 


of which led to a monoacetate [18(«)-oleanane-2‘‘8’’ : 19(«)-diol 2-acetate (V; R! = 

R? = H)]. Dehydration of this with phosphorus oxychloride in pyridine gave lupeny] 
acetate (I; R = Ac), and not germanicyl acetate, the reaction mechanism (cf. VI) pre- 
sumably being analogous to the dehydrochlorination of lupeol hydrochloride with silver 
acetate (cf. Halsall, Meakins, and Jones, loc. cit.). In this monoacetate, therefore, the 
19-hydroxy-group is equatorial and cis to the C,,~-hydrogen atom. It is known that 
reduction of the keto-group in derivatives of 19-keto-18(«)-oleanane with lithium aluminium 
hydride (cf. Davy, Halsall, Jones, and Meakins, J., 1951, 2702; Barton and Holness, 
Chem. and Ind., 1951, 233) leads to the corresponding polar hydroxy-compound which 
undergoes trans-dehydration to give the 18: 19-double bond without ring contraction. 
The monoacetate (V; R! = Ac, R? = H) was oxidised to the corresponding ketone [19- 
keto-18(«)-oleanan-2'‘8’’-yl acetate (VII; R = Ac)] which was reduced with lithium 
aluminium hydride to a diol [18(«)-oleanane-2‘‘8’’ : 19(8)-diol (VIII; R= H)], different 
from - original diol. Acetylation of the new diol gave a monoacetate [18(«)-oleanan- 
2‘*g’’: 19(8)-diol 2-acetate (VIII; R = Ac)], which gave germanicyl acetate (IX; R = Ac), 
on dehydration with phosphorus oxychloride in pyridine. This dehydration confirms the 
trans-relation of the C,,g-hydrogen atom and the C;,»-hydroxyl group, which is polar. The 
series of reactions described above furnish a second method for the conversion of lupeol 
into germanicol. This is the preferred method, in spite of the greater number of stages as 
compared with that through lupeol hydrochloride, because of the poor yield of the latter. 

* For a discussion of the nomenclature used in this paper see p. 2862. 
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If the carbonyl group of the ketone (VII; R = Ac) could be reduced either by the 
Wolff—Kishner or the Clemmensen reaction, 18(«)-oleanan-2‘‘8’’-ol (X) (Budziarek, Man- 
son, and Spring, J., 1951, 3336) should result. So far experiments to this end have been 
unsuccessful. This is not surprising as the similarly situated C;,9)-keto-group which results 
on oxidation of siaresinolic acid is not eliminated by Wolff-Kishner reduction (Ruzicka, 
Grob, and van der Sluys-Veer, Helv. Chim. Acta, 1943, 26, 1218). Reduction of the di- 
ketone (XI), obtained by oxidation of the diol (V; R! = R? = H), led tothe elimination of 
the Ci-keto-group, but not of that at C,,9, with the formation of 18(«)-oleanan-19-one. 
In spite of the failure to obtain 18(«)-oleanan-2‘‘8’’-ol, which would have provided further 
evidence for a six-membered ring E in the diol (V; R! = R? = H), evidence on this point 
has indeed been obtained. The infra-red spectrum of (VII; R = H) in carbon disulphide 
shows a band at 1700 cm."! characteristic of a carbonyl group on a six-membered ring. 

The epimeric diols (V; R, = R, = H) and (VIII; R = H) are of theoretical interest 
in connection with Jeger and Dietrich’s suggestion (Helv. Chim. Acta, 1950, 38, 715) that 
a-amyrin, f-amyrin, germanicol (IX; R = H), lupeol (1; R = H), taraxasterol, and #- 
taraxasterol may arise from a common precursor, 2 : 19-dihydroxyoleanane, by dehydration 
proceeding by different mechanisms. From the results described above it is obvious that 
stereochemical configuration at C,,9) controls the nature of the dehydration products. 

The action of formic acid in acetic acid on lupenone at 100° for 16 hours has also been 
studied. In this case the only product isolated was lupenone-1 (Ames, Halsall, and Jones, 
loc. cit.). The structure of this compound is still under investigation. However, since 
ring enlargement takes place when lupenone is treated with formic acid under very mild 
conditions such as described above, it is highly probable that ring enlargement also occurs 
during the formation of lupenone-1. Structure (XII) which has been considered is there- 
fore excluded and lupenone-1 is probably best represented by (XIII). Evidence in support 
of this formulation will be presented later. 


EXPERIMENTAL 


(M. p.s were determined on a Kofler block and are corrected. Rotations were determined 
in chloroform. Light petroleum refers to the fraction with b. p. 40—60°. The alumina 
used for chromatography had an activity of I—II.) 

The Action of Formic Acid on Lupenone in Benzene.—Lupenone (5 g.) in dry benzene (30 c.c.) 
was shaken with formic acid (50 c.c.; 98—100%) for 7 days. The formic acid layer was 
separated and the benzene solution well washed, dried, and then evaporated. The residue 
(5-47 g.) was adsorbed from benzene—pentane (1:4; 100 c.c.) on toa column of alumina (100 g.) 
and eluted as follows : 


Fraction Eluant Vol., c.c. Wt., g. M. p. 
1—6 Benzene—pentane (1 : 4) 2-92 Starting material 
7 % (2: 5) 0-03 — 
8 “ (1:1) 0-52 ° 233—237° 
9 Benzene 0-96 238—244 
10 th 0-35 234—240 
11 Ether 0-33 228—234 
Fractions 1—6 proved to be unchanged lupenone. Fractions 8—10 were crystallised from 
chloroform—methanol. Recrystallisation of the combined crystalline material (1-34 g.) gave 
19(«)-formyloxy-18(ax)-oleanan-2-one (IV) as prismatic needles, m. p. 248—251°, [a]? +61 
(c, 1-00), + 59° (c, 1-63) (Found: C, 78-95; H, 10-75. C,,H,; 90, requires C, 79-0; H, 10-7%). 
Crystallisation of fraction 11 from chloroform—methanol gave needles of 19(«)-hydroxy-18(«)- 
oleanan-2-one (see below), m.p. 228—234°, [a]? + 24° (c, 0-91). The alcohol probably results 
from the partial hydrolysis of the formate by the alumina. 

Hydrolysis of 19(«)-formyloxy-18(«)-oleanan-2-one (IV). The formate (150 mg.) in benzene 
(10 c.c.) was kept overnight with potassium hydroxide (1-5 g.) and ethanol (15 c.c.) at 20°. 
The product, after isolation by ethanol extraction, was crystallised from chloroform—methanol 
and gave 19(8)-hydroxy-18(x)-oleanan-2-one as flat needles, m. p. 229—233°, [a]? +21° (c, 0-71) 
(Found: C, 81-5; H, 11-3. C,H, 0, requires C, 81-4; H, 11-4%). A mixture with the 
material obtained from fraction 11 in the preparation of 19(«)-formyloxy-18(x)-oleanan-2-one 
showed no depression in m. p. 

Reduction of 19(x)-Formyloxy-18(x)-oleanan-2-one to 18(x)-Oleanane-2‘'8”’ : 19(«)-diol (V; 
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R! = H, R*? = H) by Lithium Aluminium Hydride.—The formate (1-04 g.) was dissolved in 
tetrahydrofuran (40 c.c.), and freshly powdered lithium aluminium hydride (280 mg.) was 
added; the mixture was then boiled under reflux for 30 minutes. After cooling, the excess of 
lithium aluminium hydride was decomposed by the careful addition of water, and excess of 
dilute sulphuric acid was added. The product (1-12 g.), isolated by ethereal extraction, was 
crystallised from chloroform-—methanol giving large needles, m. p. 248—249°. Further re- 
crystallisation gave 18(«)-oleanane-2‘‘B’’-19(«)-diol (608 mg.), m. p. 249—249-5°, [«]?? —3° 
(c, 1-6), —7° (c, 0-73) (Found: C, 81-0; H, 11-65. C,,H,;,O, requires C, 81-0; H, 11-8%). 
This diol (377 mg.) was acetylated in pyridine (15 c.c.) with acetic anhydride (30 c.c.) at 100° 
for 40 minutes, and the warm mixture was then added slowly to an excess of water. The 
product, isolated by extraction with benzene—ether (1: 1), was adsorbed from pentane—benzene 
(1:1; 40c.c.) on to a column of alumina (50 g.). Elution with benzene-ether (1:1; 350 c.c.) 
gave material (374 mg.) which, when crystallised from chloroform-—methanol, gave 18(«)- 
oleanane-2‘‘8’’ : 19(x)-diol 2-acetate (V; R! = Ac, R* = H) as needles (165 mg.), m. p. 249— 
250°, [«]7? +7° (c, 1-2) (Found: C, 78-9; H, 11-5. C,,H,,0, requires C, 78-9; H, 11-2%). 

Dehydration of 18(«)-Oleanane-2‘'8’’ : 19(a)-diol 2-Acetate with Phosphorus Oxychloride in 
Pyridine.—The diol monoacetate (130 mg.) was dissolved in dry pyridine (15 c.c.), and phos- 
phorus oxychloride (3 c.c.) was added. The solution was refluxed for 2 hours, cooled, and 
added cautiously to excess of water. The product (142 mg.), isolated by benzene extraction, 
was adsorbed from pentane—benzene (1:1; 20c.c.) on toa column of alumina (10 g.). Elution 
with pentane—benzene (1:1; 25 c.c.) gave a fraction (127 mg.) which formed flat needles, m. p. 
205—207°, from chloroform—methanol. Two recrystallisations from the same mixture gave 
lupenyl acetate, m. p. 210—214° undepressed on admixture of the sample with an authentic 
specimen (m. p. 213—215°), [a]? +-43-5° (c, 0-65). 

The Addition of Formic Acid to Lupeol.—Lupeol (10 g.) in benzene (120 c.c.) was shaken 
with formic acid (150 c.c.; 98—100%) at 20° for 7 days. After separation of the formic acid 
layer the benzene solution was well washed with water and evaporated. The residue was heated 
under reflux for 1 hour with potassium hydroxide (10 g.) in ethanol (100 c.c.) and benzene 
(20 c.c.), and the product, isolated by benzene extraction, was acetylated with acetic anhydride 
in pyridine for 16 hours at 20°. The material (9-1 g.) isolated with benzene was dissolved in 
benzene—n-pentane (7 : 3; 100c.c.) and adsorbed on a column of alumina (100g.). The fraction 
(1-86 g.) eluted with benzene-ether (1:1; 300 c.c.) was crystallised from chloroform—methanol 
giving 18(«)-oleanane-2‘‘8”’ : 19(a)-diol 2-acetate (V; R* = Ac, R* = H) as needles (1-19 g.), 
m. p. 251—256°. A considerable quantity of material, believed to be the diacetate, was 
obtained from the earlier fractions eluted with benzene. 

Oxidation of 18(«)-Oleanane-2‘'8”’ : 19(«)-diol.—The diol (100 mg.) was dissolved in benzene 
(10 c.c.), and a solution of chromic acid (100 mg.) in acetic acid (8 c.c.), acetone (15 c.c.), and 
water (1 c.c.) was added with shaking. After 1 hour at 20° dilution with water and extraction 
with benzene yielded a product which was dissolved in benzene (10 c.c.) and adsorbed on a 
column of alumina (40 g.). The material (88 mg.), eluted by benzene (350 c.c.), was crystallised 
from chloroform—methanol giving needles (41 mg.), m. p. 245—249-5°. Recrystallisation of 
these from the same solvent gave 18(«)-oleanane-2 : 19-dione (XI) as shining needles, m. p. 
249—252°, [x]??? + 70° (c, 0-64) (Found: C, 82-0; H, 11-2. C3 9H,,O, requires C, 81-75; H, 
10-95%). Light absorption in chloroform : Maximum, 2920—2950 A; « = 72. 

Oxidation of 18(«)-Oleanane-2''8"’ : 19(a)-diol 2-Acetate.—The diol monoacetate (1-28 g.) 
was dissolved in benzene (50 c.c.), and a solution of chromic acid (500 mg.) in acetic acid (40 c.c.), 
acetone (75 c.c.), and water (5 c.c.) was added slowly with shaking. After 1 hour at 20° dilution 
with water and extraction with benzene yielded a product which was dissolved in benzene- 
n-pentane (1:1; 40c.c.) and adsorbed on a column of alumina (50 g.). The material (1-23 g.), 
eluted with benzene (200 c.c.), was crystallised from chloroform—methanol giving plates (970 mg.), 
m. p. 273—274°. Recrystallisation of these from the same solvent afforded 19-keto-18(«)- 
oleanan-2‘‘ 8’’-yl acetate (VII; R = Ac) as plates, m. p. 274—276°, [a«]# +49° (c, 1-43) (Found : 
C, 79:05; H, 10-8. C,,H,;,0O,; requires C, 79-25; H, 108%). Light absorption in chloroform : 
Maximum, 2950 A; ¢ = 34. 

The acetate (133 mg.) was dissolved in 10% ethanolic potassium hydroxide (20 c.c.) and the 
solution refluxed for 30 minutes. After dilution with water, extraction with benzene yielded a 
product which was crystallised from methanol-chloroform giving 19-keto-18(«)-oleanan-2" 8’’-ol 
as needles, m. p. 306—307-5°, [a]? +38-5° (c, 1-08) (Found: C, 81-3; H, 11-65. C,,H,,0, 
requires C, 81-4; H, 11-4%). 

Reduction of 19-Keto-18(x)-oleanan-2‘'8’’-yl Acetate with Lithium Aluminium Hydride.—The 
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keto-acetate (500 mg.) was dissolved in benzene (20 c.c.) and ether (20 c.c.), powdered lithium 
aluminium hydride (250 mg.) was added with shaking, and the mixture was refluxed on the 
steam-bath for 15 minutes. After the dropwise addition of water, dilute sulphuric acid was 
added and the product isolated by extraction with benzene. Crystallisation from methanol 
gave needles (262 mg.), m. p. 261—267°. Recrystallisation of these from methanol yielded 
08(x)-oleanane-2''8”’ : 19(8)-diol (VIIL; R= H) as needles, m. p. 266—269°, [a]? +25° (c, 
1-32) (Found: C, 80-8; H, 11-8. C,,H,,0, requires C, 81-0; H, 11-8%). The diol (268 mg.) 
was acetylated with acetic anhydride (10 c.c.)—pyridine (20 c.c.) overnight at 20°. After 
dilution with water, extraction with benzene yielded a product which was dissolved in benzene 
(30 c.c.) and adsorbed on a column of alumina (40 g.). Elution with benzene (3 x 100 c.c.) 
and benzene-ether (1:1; 100 c.c.) gave the following fractions: (i) trace; (ii) 77 mg., m. p. 
294-5—295°; (iii) 83 mg., m. p. 293—-294°; and (iv) 78 mg., m. p. 287—-291°. Recrystallisation 
of the combined fractions from chloroform—methanol afforded 18(«)-oleanane-2‘'8’’ : 19(8)-diol 
2-acetate (VIII; R = Ac) as needles, m. p. 294-5—295°, [«]7? +33° (c, 0-98) (Found: C, 78-7; 
H, 11-25. C,,H,;,0, requires C, 78-95; H, 11-2%). 

Dehydration of 18(«)-Oleanane-2‘'8’’ : 19(8)-diol 2-Acetate with Phosphorus Oxychloride in 
Pyridine.—The diol monoacetate (132 mg.) was dissolved in dry pyridine (15 c.c.), and freshly 
distilled phosphorus oxychloride (3 c.c.) was added. After being heated under reflux for 2 hours 
and then cooled, the solution was added carefully to excess of water. The product, isolated by 
benzene extraction, was adsorbed from light petroleum—benzene (1:1; 40 c.c.) on a column 
of alumina (40 g.). Elution with benzene-light petroleum (1:1; 100 c.c.) gave a fraction 
(115 mg.) which crystallised from chloroform—methanol as plates (67 mg.), m. p. 273—276°. 
Recrystallisation of these from the same solvent afforded germanicy] acetate, m. p. 277—278° 
undepressed on admixture of the specimen with an authentic one (m. p. 274°, [a]p +18°), 
[a] +21-5° (c, 0-97). The germanicyl acetate (25 mg.) was dissolved in ether—benzene (6 c.c. ; 
1:1) and lithium aluminium hydride (50 mg.) was added. After 5 minutes’ refluxing the 
product (36 mg.) was isolated by the usual procedure and crystallised from chloroform—methanol, 
giving germanicol as needles (11 mg.), m. p. 178—180° undepressed on admixture of the specimen 
with an authentic one (m. p. 176—177°, [«]p) +6°), [x]? +3-5° (c, 0-38). 

Clemmensen Reduction of 18(«)-Oleanane-2 : 19-dione (With J. L. BetTon).—18(«)-Oleanane- 
2 : 19-dione (250 mg.) was dissolved in acetic acid (50 ml.), and amalgamated zinc (10 g.) and con- 
centrated hydrochloric acid were added. After the mixture had boiled under reflux for 24 hours, 
with periodic additions of fresh amalgamated zinc, dilution with water and extraction with benzene 
vielded a product which was adsorbed from light petroleum on a column of alumina (25 g.). 
The material (220 mg.) eluted with light petroleum (550 ml.) was crystallised three times from 
chloroform-ethanol, giving 18(«)-oleanan-19-one as plates, m. p. 248—249°, [«]}? +58° (c, 1-35) 
(Found: C, 84-25; H, 12-0. C,H, 9O requires C, 84-5; H, 11-75%). Light absorption in 
ethanol: Maximum, 2950 A; ¢ = 37. 

The Action of Formic Acid—Acetic Acid on Lupenone.—Lupenone (1 g.) was dissolved in 
warm acetic acid (50 c.c.), formic acid (50 c.c.; d 1-20) was added, and the mixture was heated 
for 16 hours at 100°. Dilution with water and extraction with benzene-ether gave a product 
which was adsorbed from benzene-light petroleum (b. p. 30—40°) (1: 1) on a column of alumina 
(80 g.). Elution with benzene-light petroleum (b. p. 30—40°) (1:1; 200 c.c.) gave material 
(1-06 g.) which yielded prisms (230 mg.), m. p. 202—204°, from acetone. Recrystallisation 
afforded lupenone-1, m. p. 210—216° undepressed on admixture of the specimen with an 
authentic one (m. p. 216—218°, [«]p +126°), [a]? +125° (c, 0-79). 
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545. Researches on Acetylenic Compounds. Part XX XVIII.* 
A New Method for the Introduction of the Acetylenic Linkage. 


By G. Eciinton, E. R. H. Jones, and M. C. Wuitinc. 


Some f-halogenated ethers are converted into acetylenic compounds by 
treatment with sodamide in liquid ammonia; when the ether is cyclic an 
acetylenic alcohol may be formed by ring-scission. The scope and limitations 
of this reaction have been examined and some conclusions about its mechanism 
can be drawn. 

The behaviour of the now readily accessible y-acetylenic alcohol, pent- 
4-yn-1l-ol, towards acidic and basic reagents has also been investigated. 

The ultra-violet light absorption properties of the vinyl ethers encountered 
in this work have been determined. 


Tuis contribution, like Part XXVII (Eglinton and Whiting, J., 1950, 3650), arises out of 
an attempt to prepare a series of compounds containing a free ethynyl group and a func- 
tional group separated by a short aliphatic chain. An obvious starting point for the 
synthesis of such w-acetylenic compounds is pent-4-yn-l-ol (II). Lespieau (Com/t. rend., 
1932, 194, 287) prepared this alcohol by an eight-stage process starting from allyl bromide 
and malonic ester, but one of his intermediates, pent-4-en-l-ol, has since been obtained 
more conveniently (Paul, Bull. Soc. chim., 1935, 2, 745; Org. Synth., 1945, 25, 84), thus 
leading to the following five-stage synthesis of the acetylenic alcohol from tetrahydro- 
furfuryl alcohol : 
SOCI,-CyH,N Na-Et,O 
CH,CH,CHyCH-CH,OH ————> CH,CHyCHyCH-CH,Cl (1), —[7—> 
me‘ ) 


Br, KOH 
HO-CH,CH,-CH,-CH=CH, ——> HO-CH,-CH,-CH,CHBrCH,Br ——> 


KOH 
HO-CH,’CH,°CH,CBr'CH, ———> HO-CH,°CH,°CH,°C=CH (II) 


In preliminary attempts further to improve the accessibility of (I1) it was found that 
the ring scission could be effected more conveniently with sodium in liquid ammonia, and 
that the last two stages could be combined by treating the dibromopentanol with sodamide 
in liquid ammonia, giving an overall yield of 30%, for the four stages. The action of 
sodamide on (I) itself was then investigated and (II) was directly obtained in 85% yield 
(60% overall). Pent-4-yn-l-ol thus becomes one of the most accessible of the acetylenic 
alcohols. 

During the present work, Paul and Tchelitcheff (Compt. rend., 1950, 230, 1473; see 
also ibid., 1951, 232, 2230) described an ingenious three-stage synthesis of (II) from 2: 3- 
dihydropyran (III) via the 2: 3-dibromide and 3-bromo-4 : 5-dihydropyran, the latter 
giving a good yield of the alcohol on treatment with butylsodium. We believe, however, 
that the present method is more convenient. 

The reaction between tetrahydrofurfuryl chloride and sodamide is potentially a general 
route to acetylenes which would parallel the olefin synthesis of Boord et al. (J. Amer. 
Chem. Soc., 1930, 52, 651, 3396 et seqg.). Systematic attempts were made, therefore, to 
extend it. Epichlorohydrin, a ring homologue, reacted with sodamide, but isolation of 
the product, propargyl alcohol, was difficult, and only a 46% yield could be obtained; 
this method is nevertheless probably the most convenient for its preparation in the labor- 
atory. Oxidative coupling before isolation (Part XXXIV, J., 1952, 1998) gave a 65% 
overall yield of hexa-2 : 4-diyne-1 : 6-diol. Two by-products were formed in the reaction 
of sodamide with epichlorohydrin: hexamethylenetetramine and pent-2-en-4-yn-1-ol. 
These probably result from the partial dissociation of the monosodiopropargy] alcohol into 


* Part XXXVII, J., 1952, 2014. 
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formaldehyde and sodium acetylide, the latter then reacting with epichlorohydrin as 
described by Haynes, Heilbron, Jones, and Sondheimer (/., 1947, 1583). 


(ero ad (leu,on a 3 man ON eee 
(IV) (V) (VI) (VII) 


For the next extension of the reaction, (_V) was made by the preparation (Schultz and 
Wagner, Angew. Chem., 1950, 62, 105) and hydrogenation (Helberger, Ulubay, and Civele- 
koglu, Annalen, 1949, 561, 215) of acraldehyde dimer (IV). Both stages gave difficulty 
and evidently need further study. Direct reaction with thionyl chloride and pyridine 
proved the best route to (VI), but from impure (V) the chloride may be prepared by the 
action of calcium chloride in 2-2’-ethoxyethoxyethanol on the crystalline and easily isolable 
toluene-f-sulphonate. The final conversion of (VI) into (VII) proceeded very smoothly 
in 80% yield, but at present the preferred route to (VII) would be from 6-chlorohex-1l-yne 
(Newman and Wotiz, J. Amer. Chem. Soc., 1949, 71, 1294). 


— — -CH.-CH CH -C=CR “ \Br 
| CHEtOH er ( ,/cHEtcl --->® HO-CH,CH,-CHyC=CEt <-~-- (re 
(VIII) (IX) (XI) (X) 


Extension of the reaction to halides such as (IX) was then contemplated; this, however, 
was frustrated by the great difficulty of preparing (IX) from (VIII), as has recently been 
noted inter al. by Paul and Riobe (Compt. rend., 1947, 224, 474) and Crombie and Harper 
(J., 1950, 1707). An attempt to substitute the toluene-p-sulphonate was contra-indicated 
by the failure of tetrahydrofurfuryl toluene-f-sulphonate itself to react smoothly with 
sodamide. An alternative route to (XI) via (X) (cf. Paul and Riobe, loc. cit.) was examined ; 
but (X) was much less reactive towards sodamide than was (I) or (VI), and although some 
of the expected alcohol was probably obtained the method was unsatisfactory. Alkylation 
of the 2-tetrahydropyranyl ether of (II), which was readily obtained by the condensation 
of (Il) with (III), was also investigated, but once again difficultly separable mixtures were 
encountered, so that alcohols of type (XI) remain somewhat inaccessible. 


a ee Oe + 
et ‘ Et-C=C-CH,°CH,°OH + ot + Uo Jee 





(XII) (XIII) (XIV) 


The action of sodamide on 3-chloro-2-ethyltetrahydrofuran (XII) was then investigated ; 
the latter was prepared according to Crombie and Harper’s method (J., 1950, 1715) but 
the separation into the two stereoisomeric forms described by these authors was not 
attempted. Upon treatment with sodamide the desired hex-3-yn-1l-ol (XIII) was obtained 
in 30% yield. From a preparative standpoint, however, this method does not rival in 
convenience that recently described by Sondheimer (J., 1950, 877). A lower-boiling 
fraction, also obtained in 30% yield, apparently consisted of the two isomeric ethyldi- 
hydrofurans (XIV); it was hydrolysed by dilute acids to 6-hydroxyhexan-3-one, isolated 
as its phenylurethane. Straightforward dehydrohalogenation without simultaneous 
splitting of the ether linkage is thus a possible competing reaction. 

NaNH, 
Bu-MgBr + Br-CH(OEt)-CH,Br —-> Bu-CH(OEt)-CH,Br > Bu-C=CH + Bu-C(OEt):CH, 
(XV) 
NaNH, 
Bu:MgBr + Br-CH(OEt)-CHEtBr —» Bu-CH(OEt)*CHEtBr ———> Bu-C(OEt):CHEt 
(XVI) 


Finally the reactions between two acyclic $-halogeno-ethers and sodamide were 
examined. The ether (XV) gave a 45% yield of hex-l-yne together with 18% of 2-ethoxy- 
hex-2-ene. The secondary bromo-ether (XVI) gave a 70% yield of 4-ethoxyoct-3-ene 
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(probably containing some 4-ethoxyoct-2-ene) as the only isolable product; even a smal] 
amount of the acetylenic compound would have been isolated if formed. 
Attention was next turned to the mechanism of the reaction: 


-H + -Cl + NH,” —> NH, + Cl- 
-H + -OR + NH,- —> NH, + RO- 


Energetically favourable processes, such as the above, are always necessary for the 
endothermic formation of a triple bond. It was therefore hardly to be expected that 
bases of moderate strength, such as alkoxides, would be effective. A base of intermediate 
strength was therefore examined, viz., sodium acetylide. This was found to have no 
action on tetrahydrofurfuryl chloride, which was recovered in 75% yield after 50 hours 
at —33°, whereas sodamide reacts almost to completion within a few minutes. Since 
alkoxides and even sodium acetylide fail to effect the reaction, it was to be expected that 
the use of less than three molecular proportions of sodamide would result in incomplete 
reaction, since the disodium derivative of pentynol would similarly be insufficiently basic. 
This was verified in the case of (I) which on treatment with sodamide (2 mols.) gave a 
heterogeneous product. 

In the typical case of the synthesis of pentynol two mechanisms might be considered 
plausible: (a) the reaction might occur in two stages, dehydrohalogenation first giving 
tetrahydro-2-methylenefuran (XVII) (which is in fact formed when the chloride reacts 
with potassium hydroxide), ring fission then giving the alcohol, 7.e. : 


a es, oa -H+ 
[ JHC -—— \O-CH —aaa> o H 
O 
(XVIT) 


or (6) a “‘ double-elimination reaction ’’ might take place, such as was proposed by Crane 
and Rydon (J., 1947, 766) for the formation of acetylene from 2-benzoyloxyethyldimethyl- 
sulphonium salts and alkalis : 


= Hg ib NH j 
H 
\o~« N -O-(CH,),;-C=C- 


+ NH, 





Both seem reasonable; in fact Mamalis and Rydon (Nature, 1950, 166, 405) later found 
that a mechanism of type (a) is actually involved in their reaction. In the present in- 
stance, however, a genuine double-elimination reaction (b) is probably involved. In the 
first place it was found that treatment of the chloride with one molecular proportion 
of sodamide gave only a mixture of the chloride and the acetylenic alcohol; in the second, 
sodamide merely converts tetrahydro-2-methylenefuran into the isomeric 3 : 4-dihydro-2- 
methylfuran, upon which, as upon 2 : 3-dihydropyran, it has no action. 

While the precise mechanism of the reaction has not been established, that suggested, 
involving one NH,~ ion and one solvent molecule, seems more probable than one requiring 
two amide ions. A saturated solution of sodamide in liquid ammonia is only 0-025, so 
that it seems unlikely that such a termolecular reaction would be fast at —33°, as this 
evidently is. The use of three stoicheiometric proportions of sodamide would still, of 
course, be necessary to allow for the removal of NH,~ by the acidic species NH,* and 
=CH. In inert solvents (even at 140°) sodamide fails to react with (1), whereas Paul 
(Bull. Soc. chim., 1935, 2, 745) stated that the corresponding bromide yields (III) and 
(XVII) with sodamide at 140°; evidently the double-elimination reaction proceeds only 
in an ionic medium. 

Double-elimination reactions of type (5), involving a termolecular mechanism, might be 





NO a 


2876 Eglinton, Jones, and Whiting : 


expected to occur in liquid ammonia in preference to consecutive bimolecular single- 
elimination reactions of type (a), since the ammonia molecule itself has a considerable 
proton affinity and can participate as one reactant. Thus the very smooth dehydro- 
halogenation of vicinal dihalides by sodamide in liquid alnmonia may well proceed in this 
manner, although the analogous reaction in aqueous or alcoholic solutions is known to 
involve two stages. On the other hand termolecular double-elimination reactions in 
aqueous solution are not impossible and, in the case of the dehydrohalogenation of 1 : 4- 
dichlorobut-2-yne to diacetylene by aqueous alkalis, the marked difference between sodium 
and calcium hydroxide (Armitage, Jones, and Whiting, J., 1951, 44) suggests that a third- 
order termolecular reaction of this type may be involved. The alternative mechanism 
would in this case lead first to 1-chlorobuta-1 : 2 : 3-triene, and might therefore be less 


favoured. 
Ly CHaBr ae (= CHs — (chs 
XVII XVIII 
sanity J” | — i , 


(II) HC=C-(CH,],CH;OH >” Wee, (XIX) 


i + 
OH 
nr) 
cis 


XX 
0” \o-(CH,),C=CH = 

Some aspects of the chemistry of pent-4-yn-l-ol (II) are of interest; thus Paul and 
Tchelitcheff (Compt. rend., 1950, 230, 1872) have shown that treatment of the alcohol 
with a trace of sodamide, followed by distillation, gives a mixture of (XVII) and (XVIII). 
Repetition of this work resulted in the isolation of (XVIII) and also confirmed the form- 
ation of fairly pure (XVII) from tetrahydrofurfuryl bromide and potassium ‘hydroxide 
and its subsequent rearrangement to (XVIII), when refluxed in the absence of alkali. 
The pentynol was also found to undergo unusually easy hydration in aqueous sulphuric 
acid, giving either (XIX), shown by its light-absorption properties to exist essentially in 
the cyclic form, as indicated, or under different conditions the glycoside-like product 
(XX). A solution of ammonium chloride in liquid ammonia, however, was without action 
on (II). 

The reactions discussed above presumably result from the attack of the terminal 
-O- or —OH,* groupings on the ethynyl group, and intramolecular proximity so alters 
the temperature-independent factor of the rate equation as to permit the reactions to 
proceed at a much greater rate than would be the case with intermolecular reactions 
between similar species at such low concentrations (cf. Paul, Angew. Chem., 1951, 63, 301). 

The ultra-violet light absorption properties of a number of vinyl ethers, prepared in 
connection with the above studies, have been examined in the 2050—2400-A region, 
employing a ‘‘ Unicam’’ S.P. 500 spectrophotometer. In this region scattered light 
within the instrument can cause serious errors. Two alternatives for the presentation of 
the results are available. Either the conditions can be carefully standardised, and the 
results used empirically without correction (cf., e.g., Bladon, Henbest, and Wood, /., 
1952, 2737; Halsall, Chem. and Ind., 1951, 467) or the usual technique for correcting this 
error, extensively used in infra-red spectroscopy, can be employed (see Opler, J. Amer. 
Opt. Soc., 1950, 40, 401). The latter method, used in the present work, has the advantage 
that results are reproducible even if the efficiency of the light source varies, as in practice 
it does; a somewhat similar method has recently been described by Saidel, Goldfarb, and 
Kolt (Sctence, 1951, 113, 683). It is first necessary to find the percentage of scattered 
light at each setting of the wave-length scale, which can be done by using a filter opaque 
to light of the wave-length in question but transparent to almost all the remainder of the 
spectrum; a 0-5°% solution (l-mm. cell) of «-ergostene in hexane, or «-ergostenol in alcohol, 
is satisfactory (cf. Bladon et al., loc. cit.). The results, for various cells and solvent com- 
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binations, are then plotted (Fig. 1), and the instrument readings are corrected with the aid 
of the tables published by Opler (loc. cit.). The proportion of scattered light, and hence 
the magnitude of the correction necessary, varies widely with the condition of the hydrogen 
lamp used, and with the general condition of the instrument, and must be checked fre- 
quently. The effects of the correction are evident in Fig. 2, which shows the light absorp- 
tion of cyclohexene (a) uncorrected and (d) corrected, with the results obtained by Bateman 
and Koch (J., 1944, 601) and by Platt, Klevens, and Price (J. Chem. Phys., 1949, 175, 
466) using methods not liable to vitiation by this error, included for comparison. The 
present results for 2: 3-dihydropyran are similarly compared with those of the latter 
authors. It will be seen that the magnitude of the scattered-light error varies so rapidly 
with wave-length (owing to the steep cut-off of solvent, quartz, and perhaps oxygen in this 
region), that the shape of the curve is seriously distorted and a spurious maximum, with 
our instrument always in the 2045—2080-A region, is introduced. Incidentally, the ‘“‘A”’ 
maximum observed at 2010—2080 A by Moser and Kohlenberg (/., 1951, 804) for sub- 


Fic. 2. Light absorption of cyclohexene and 
Fic. 1. dihydropyran. 
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A, Hexane, 1-mmi. cell. a, Present work, uncorrected. 


B, Ethanol, 1-mm. cell. ‘ ” corrected. 
C, Hexane, 1-cm. cell. c, Bateman and Koch, loc. cit. 
D, Ethanol, 1-cm. cell. d, Platt, Klevens, and Price, Joc. cit. 


stituted benzoic acids, which is ascribed by them to a displacement of the 1870-A band in 
benzene, is almost certainly a consequence of the same phenomenon, and the attempts 
made to interpret its position electronically are unnecessary. 

It should be pointed out that this procedure for correcting for “‘ false energy ’’ is only 
accurate if the solution of the substance examined does not absorb the scattered light 
(mainly 2300—4500 A) to a very appreciable extent. It is also necessary that the wave- 
length scale should be accurately calibrated in this region. (‘‘ Unicam ”’ S.P. 500 spectro- 
photometers issued before September 1951 were fitted with scales, inaccurate at short 
wave-lengths, which are now being replaced. The present results have been corrected by 
means of a provisional table kindly supplied by Unicam Instruments Ltd.) 

The light-absorption properties of the vinyl ethers studied are illustrated in Fig. 3. 
It is at once evident that the vinyl ether chromophore, -O-CR'—CR?R;%, is affected by 
alkyl substitution in much the same way as the diene grouping; thus, butyl vinyl ether 
(B) has e = 3000 at 2075 A, while in 2-ethoxyhex-1l-ene (F) the ¢ is 3000 at 2155 A. When 
with the same degree of substitution the double bond becomes exocyclic (e.g., E), the usual 
bathochromic shift (cf. Woodward, J. Amer. Chem. Soc., 1942, 64, 72) is observed, Agogo 
moving to 2225 A (Ax = + 70 A). The cyclic ether (D) has 2999 = 2230 A, and shows 
a somewhat flatter curve, while 2: 3-dihydropyran (C) differs fundamentally from the 
other ethers studied, just as cyclohexene does from other olefins (Platt, Klevens, and Price, 
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loc. cit.). It is unfortunate that this, the only simple vinyl ether investigated by the latter 
authors over a wider range of wave-lengths, should be atypical. The present results, 
however, permit the easy differentiation of vinyl ethers from most olefins, since unlike the 
tri- and tetra-substituted olefins common among steroids and triterpenes (Bladon, Henbest, 
and Wood, loc. cit.; Halsall, loc. cit.), cyclohexene, monoalkylethylenes, and cis- and trans- 
1 : 2-dialkylethylenes show absorption only of low intensity at 2040 A (Platt, Klevens, and 
Price, loc. cit.; and unpublished work from these laboratories). One may also deduce 
values Of Amax, aNd emax, Of 1940 A and ca. 7000 respectively for the parent chromophoric 
system, and incremental values of about +75 A for alkyl substituents. 

Platt, Klevens, and Price (loc. cit.) reported a shoulder and a maximum, respectively, 
at 2225 A (e = 120 and 160) for oct-1- and -2-yne, though they did not rule out the possi- 
bility that these might be attributable to impurities. Such is evidently the case, for hex- 
3-yn-l-ol was found to have e = only 70 at 2150 A, the intensity of absorption falling 
sharply to longer wave-lengths, while behenolic acid (which can be purified, by crystallis- 
ation, much more easily than hex-3-yn-1-ol or the lower acetylenic hydrocarbons) showed 
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light absorption very similar to that of stearic acid (Ae>+20) down to 2050 A. Extra- 
polation of the series CH,[C=C],°CH, to m = 1 suggests that absorption of but-2-yne 
will probably begin below 1950 A, with a band at ca. 1860 A. (e ca. 300), but the significance 


of this extrapolation is difficult to estimate. 


EXPERIMENTAL 


Propargyl Alcohol.—Epichlorohydrin (360 g.) was added dropwise during 1} hours to a well- 
stirred suspension of sodamide, prepared from ferric nitrate (1-2 g.) and sodium (270 g.), in liquid 
ammonia (2-5 1.) contained in a 4-1. vacuum-flask. After a further 12 hours’ stirring dry am- 
monium chloride (550 g.) was carefully added. The mixture was poured into a stainless steel 
bucket and the greater part of the ammonia was allowed to evaporate (moisture being excluded 


by means of a ‘‘ Cellophane ’’ membrane, which is readily permeable to ammonia). Dry ether 
{1 1.) was added and most of the residual ammonia was driven off. The ethereal extract was 
filtered from the solid residue which was then further extracted with ether. The ether was 
removed from the combined extracts through a 20-cm. Dufton column, and the crude product 
dried (K,CO,). The upper layer, to which ca. 5 g. of succinic acid had been added (see Copen- 
haver and Bigelow, ‘‘ Acetylene and Carbon Monoxide Chemistry,’’ Reinhold Pub. Corp., 
New York, 1949, p. 106), was carefully fractionated through a 50-cm. Fenske column, to give 
the pure alcohol (103 g., 46%), b. p. 53—55°/95 mm., nf 1-4317 (Henne and Greenlee, J. Amer. 
Chem. Soc., 1945, 67, 485, give nj) 1-4320). Estimation of the ethynyl grouping by Hanna and 
Siggia’s method (Analyt. Chem., 1949, 21, 1469) showed the material to be 99-5% pure. The 
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phenylurethane separated from light petroleum (b. p. 60—80°) as laths, m. p. 63—64°, un- 
depressed on admixture with a genuine specimen. 

The high-boiling residue (37 g.) from the fractionation yielded substantial quantities of 
hexamethylenetetramine, obtained as rhombohedral! crystals (which sublimed on heating) from 
ethanol (Found: C, 51-75; H, 8-7; N, 40-0. Calc. for C,H,,.N,: C, 51-4; H, 8-65; N, 39-9%). 
In another experiment, on a larger scale, the high-boiling material was distilled. One fraction 
(10-5 g., 06%) had b. p. 65—67°/10 mm., nj} 1-4935, and showed light absorption: Max., 
2195 A, « = 10,820; inflexion, 2280 A, ¢ = 8500 (Haynes, Heilbron, Jones, and Sondheimer, 
J., 1947, 1584, give b. p. 71—73°/19 mm., nj? 1-4972, for pent-2-en-4-yn-1l-ol, and max., 2230 A, 
¢ = 15,000; inflexion, 2290 A, e = 10,000). It formed an a-naphthylurethane, m. p. 109— 
111°, undepressed on admixture with an authentic specimen. 

Tetrvahydrofurfuryl Toluene-p-sulphonate.—The ester, m. p. 38°, was prepared in 80% yield 
by the general method of Tipson (J. Org. Chem., 1944, 9, 235). Barger, Robinson, and Smith 
(J., 1937, 720) obtained the ester in 68% yield by the less convenient procedure employing 
potassium hydroxide in dry ether. 

Tetvahydrofurfuryl Bromide.—When the recorded method (Org. Synth., 1943, 23, 88) was 
employed the product contained pyridine and tetrahydrofurfuryl alcohol; washing (NaHSO, 
solution) and drying (CaBr,) followed by redistillation gave a pure specimen, b. p. 63-5—-64°/17 
mm., 73} 1-4869, in 44% yield. 

Tetrahydro-2-methylenefuran (XVII).—Two distillations of the above bromide from powdered 
potassium hydroxide followed by fractionation gave (XVII), b. p. 100—102°/764 mm., mj} 1-4490 
(Paul and Tchelitcheff, Bull. Soc. chim., 1950, 17, 520, give b. p. 98—99°, nj? 1-4476). 

4 : 5-Dihydro-2-methylfuran (XVIII).—Tetrahydro-2-methylenefuran (8-4 g.) was refluxed 
in nitrogen, the b. p. falling to ca. 80° during 4 hours. Distillation from a trace of quinol gave 
(XVIII) (5-2 g., 62%), b. p. 78—80°/760 mm., nP 1-4323 (Paul and Tchelitcheff, loc. cit., give 
b. p. 81—82°, n}¥° 1-4328; Schniepp, Geller, and von Korff, J]. Amer. Chem. Soc., 1947, 69, 672, 
give b. p. 80°, n# 1-4290). 

Tetrahydrofurfuryl Chloride.—(a) When the recorded method (Org. Synth., 1945, 25, 84) 
was employed, it was found that, unless the tetrahydrofurfuryl alcohol was redistilled before 
use, the chloride contained appreciable quantities of the starting material. This could not be 
removed without rigorous fractionation. When the reactants were purified, the product 
obtained had b. p. 55—56°/20 mm., mj 1-4552, and the yield was 67—70%. 

(6) A solution of anhydrous calcium chloride (15 g.) in 2-2’-ethoxyethoxyethanol (120 c.c.) 
was dried by distillation under reduced pressure through a 20-cm. Dufton column until the b. p. 
reached 130°/100 mm. Tetrahydrofurfuryl toluene-p-sulphonate (25-6 g.) was then added to 
the cooled (50°) residual solution. The mixture was homogenised by shaking and warmed to 
130°, whereupon an exothermic reaction took place. After heating to 160° for 1} hours, the 
distillation was resumed under reduced pressure (60 mm.) and continued until a b. p. of 105° 
was reached. The distillate (15 c.c.) was washed with water (15 c.c.), dried (CaCl,), and re- 
distilled, to give the chloride (7-3 g., 60%), b. p. 64°/40 mm., n? 1-4551. 

Pent-4-en-1-ol.—Tetrahydrofurfuryl chloride (12-1 g.) in dry ether (100 c.c.) was‘added drop- 
wise to a solution of sodium (4-8 g.) in liquid ammonia (250 c.c.). After 3 hours, ammonium 
chloride (10 g.) and dry ether (150 c.c.) were added and the ammonia was allowed to evaporate. 
The residue was thoroughly extracted with ether, and the combined extracts were evaporated 
through a 20-cm. Dufton column. Distillation gave pent-4-en-l-ol (6-6 g., 76%), b. p. 73— 
81°/55 mm., v3 1-4320—1-4330 (Paul, Compt. rend., 1932, 195, 1289, gives nif 1-4322). 

Pent-4-yn-1-ol (I1).—(a) Tetrahydrofurfuryl chloride (242 g.) was added dropwise during 
25 minutes to a stirred suspension of sodamide (from 161 g. of sodium) in liquid ammonia (3-5 1.). 
After a further 16 hours’ stirring, dry ammonium chloride (350 g.) was slowly added, most of the 
ammonia allowed to evaporate, and the product thoroughly extracted with ether. Removal of 
the ether and distillation gave pent-4-yn-1-ol (142 g., 85%), b. p. 64—65°/16 mm., m\? 1-4451 
(Paul and Tchelitcheff, Compt. rend., 1950, 230, 1473, record nj} 1-4432, and Lespieau, Compt. 
rend., 1932, 194, 287, gives n° 14450). A small sample was purified via the silver derivative 
and then had b. p. 77°/37 mm., n}f 1-4464. The pure alcohol was free from the pungent odour 
associated with the crude product, and had the characteristic sweetish odour of an acetylenic 
alcohol. Estimation of the ethynyl grouping by Hanna and Siggia’s method (loc. cit.) gave 
inconsistent results (92—100%), presumably due to incomplete formation of the mercury 
derivative. Owing to the presence of traces of the hydroxy-ketone, 5-hydroxypentan-2-one 
(identified as its 2 : 4-dinitrophenylhydrazone, m. p. 154—155°; Paul and Tchelitcheff, Compt. 
vend., 1950, 230, 1872, give m. p. 150°), the silver nitrate-sodium hydroxide method of Chevas- 
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telon (Compt. rend., 1897, 125, 245) could not be employed. (See also Altieri, ‘‘ Gas Analysis 
and Testing of Gaseous Materials,” New York, American Gas Association, 1945.) The phenyl- 
urethane separated from light petroleum as needles, m. p. 56°, undepressed on admixture with 
the derivative of a sample prepared as described below (Paul and Tchelitcheff, loc. cit., give 
m. p. 56°). The a-naphthylurethane formed clumps of needles, m. p. 79—80°, from light petrol- 
eum (b. p. 60—80°) (Found: C, 76-2; H, 5-8. C,,H,,O,N requires C, 75-85; H, 5-95%). 

(b) (With T. Y. SHEN) Pent-4-en-l-ol (111 g.; Org. Synth., 1945, 25, 84) was treated with 
the calculated amount of bromine in dry carbon tetrachloride (400 c.c.), the temperature being 
kept below 20°, to give 320 g. of 4: 5-dibromopentan-1l-ol (Paul, Compt. rend., 1931, 192, 1574). 
The dibromide (310 g.) was added dropwise during 14 hours to a stirred suspension of sodamide 
(from sodium, 125 g.) in liquid ammonia (1-51.). After 3 hours, dry ether (1 1.) was added and 
the mixture hydrolysed with ammonium chloride. The product was isolated in the usual 
way and on fractionation gave pent-4-yn-l-ol (61 g., 56%), b. p. 68—69°/23 mm., nj) 1-4471, 
and a small quantity of higher-boiling material, probably essentially 4-bromopent-4-en-1-ol. 
The acetylenic alcohol gave a phenylurethane, m. p. 56°. 

5-2’-Tetrahydropyranyloxypent-1-yne.—To a mixture of pent-4-yn-l-ol (8-4 g.) and 2: 3-di- 
hydropyran (8-4 g.) was added one drop of phosphorus oxychloride. The exothermic reaction 
was moderated by ice-cooling and, after the reaction mixture had been set aside for 2 hours 
at 20°, potassium hydroxide (0-3 g.) was added. Distillation then gave the adduct (15 g., 90%), 
b. p. 89—91°/19 mm., n?° 1-4575 (Found: C, 71-65; H, 9-9. C,)H,,O, requires C, 71-4; 
H, 96%). 

Reactions of Pent-4-yn-l-ol (II).—(a) Cyclisation to 4: 5-dihydvo-2-methylfuran (XVII). 
Pentynol (15 g.), to which sodamide (ca. 0-5 g.; freshly prepared from sodium in liquid am- 
monia) had been added, was refluxed for 4 hours and then distilled through a 15-cm. Fenske 
column at such a rate that the b. p. did not exceed 90°. The crude product (9 g.) was freed 
from pentynol by redistillation, giving substantially pure 4: 5-dihydro-2-methylfuran (7 g., 
48%), b. p. 79—81°/746 mm., nj) 1-4340—1-4352 [Paul and Tchelitcheff, Compt. rend., 1950, 
230, 1872, obtained a mixture of (XVII) and (XVIII), b. p. 82—100°, by repeated distillation 
from sodamide}]. A small sample of (XVII) was hydrolysed with sulphuric acid and the solution 
of 5-hydroxypentan-2-one so formed treated with 2 :4-dinitrophenylhydrazine sulphate solu- 
tion. After chromatographic purification the derivative of 5-hydroxypentan-2-one had m. p. 
154—155°. 

(b) Action of dilute acid. (i) A solution of the pentynol (5 g.) in 0-5N-sulphuric acid (35 c.c.) 
was heated under reflux for 6 hours. The cooled solution was neutralised and saturated with 
sodium chloride, and the mixture continuously extracted with ether for 24 hours. Removal of 
ether from the dried extract and fractional distillation gave unchanged pentynol (3-55 g.) and 
5-tetrahydrvo-2’-methyl-2’-furanyloxypent-l-yne (0-8 g., 16%), b. p. 70—75°/7 mm., nif 1-4505 
(Found: C, 71-1; H, 9-65. C,)9H,,O, requires C, 71-4; H, 96%). Estimation of the ethynyl 
grouping (see above) gave an approximate value of 179 for the equivalent weight (C,)H,,.O, 
has M, 168). This compound was also isolated from a treatment of pentynol with sodamide. 
The ketal is'insoluble in water, but is immediately hydrolysed by dilute acid. The resulting 
5-hydroxypentan-2-one was again identified as its 2 : 4-dinitrophenylhydrazone, m. p. 154—155°. 

(ii) A solution of pentynol (9-5 g.) in 0-5N-sulphuric acid (100 c.c.) was heated under reflux 
for 13 hours. The solution was neutralised and the product isolated by continuous ether 
extraction. After removal of the ether, fractional distillation of the residue (8 g.) yielded a 
fore-run of unchanged pentynol (2-4 g.), followed by 5-hydroxypentan-2-one (4:3 g., 37%), 
b. p. 82—86°/7 mm., n}} 1-4402 (Schniepp, Geller, and von Korff, Joc. cit., give b. p. 75°/3 mm., 
ni, 1-4350). The 2 : 4-dinitrophenylhydrazone, after recrystallisation from benzene, had m. p. 
154—155°, undepressed on admixture with an authentic specimen. 

Tetrahydro-2-pyranylmethyl Toluene-p-sulphonate—Crude _ tetrahydro-2-hydroxymethy]l- 
pyran (52 g.; b. p. 75—83°/17 mm., nj 1-4612—1-4572; obtained from a less successful 
experiment) was added to a stirred suspension of toluene-p-sulphonyl chloride (105 g.) in pyr- 
idine (80 c.c.) at such a rate that the temperature did not exceed 25°. The reaction mixture 
was set aside for 20 hours. Water (50 c.c.) was slowly added and the resultant suspension 
poured into a large volume of water, and the neutral fraction isolated with ether. The crude 
product (66 g.) solidified to a pasty solid on cooling. Crystallisation from light petroleum (b. p. 
40—60°)-carbon tetrachloride gave the ester (53 g., 40%) as rhombic plates, m. p. 69—70°, 
raised to 72-5° after two further recrystallisations from light petroleum (Found: C, 57-75; 
H, 6-9. C,,;H,,0,S requires C, 57-7; H, 6-7%). 

2-Chloromethyltetrahydropyran (VI).—(a) Freshly distilled thionyl chloride (25 g.) was added 





(1952] Researches on Acetylenic Compounds. Part XXXVIII. 2881 


dropwise with ice-cooling to a vigorously stirred solution of pure tetrahydro-2-hydroxymethyl- 
pyran (23 g.) in dry pyridine (17 g.).. The mixture was stirred for 16 hours. Ice was then added 
and the product was isolated with ether. The chloride (13 g., 48%) had b. p. 62—64°/22 mm., 
ni} 1-4620 (Found: C, 53-7; H, 8-35. C,H,,OCl requires C, 53-6; H, 8-25%). 

(b) A solution of calcium chloride (24 g.) in 2-2’-ethoxyethoxyethanol (300 c.c.) was dried by 
distillation. Tetrahydro-2-pyranylmethyl toluene-p-sulphonate (m. p. 69—70°, 27 g.) was added 
and the resultant solution heated at 150° for 2 hours. Distillation through a 20-cm. Dufton 
column yielded a mixture, b. p. 178—192°/760 mm., of the chloride and solvent. The distillate 
was dissolved in ether, and the ethereal solution was washed several times with small volumes 
of water, dried (CaCl,), and evaporated. The residue, on distillation, gave the chloride (9 g., 
68%), b. p. 120°/170 mm., nf 1-4580—1-4600. Further purification by repeated washing and 
drying resulted in considerable losses. 

Similar isolation difficulties were encountered when 2-ethoxyethanol was employed as 
solvent. The reaction was also carried out in dry methanol at 115° for 2 hours, but the product 
was again heterogeneous. Some of the corresponding methyl ether was probably present ; 
40%, of the ester was recovered. 

Hex-5-yn-l-ol (VII).—2-Chloromethyltetrahydropyran (6-8 g.) was added dropwise with 
occasional agitation to a suspension of sodamide (from sodium, 3-45 g.) in liquid ammonia (150 
c.c.). After 36 hours ammonium chloride (6 g.) was added. After addition of ether (200 c.c.) 
the ammonia was allowed to evaporate. Evaporation and distillation gave hex-5-yn-1l-ol (4-0 
g., 80%), b. p. 75°/16 mm., nj? 1-4510 (analytical results were erratic: Found: C, 72-3; H, 
10-1. Calc. for C,H,,0: C, 73-4; H, 10-2%. The alcohol probably contained a little tetra- 
hydro-2-hydroxymethylpyran). The 3: 5-dinitrobenzoate formed plates, m. p. 58°, from light 
petroleum (b. p. 40—60°) (Found: C, 53-0; H, 4:1. C,,H,,O,N, requires C, 53-4; H, 415%), 
and gave an a-naphthylamine adduct as bright red needles, m. p. 89-5°, from alcohol (Found : 
C, 63-65; H, 4:75. C,,H,,O,N, requires C, 63-4; H, 4-85%). The phenylurethane crystallised 
in long needles, m. p. 55-5°, from light petroleum (b. p. 40—60°) (Found: C, 71-75; H, 6-6. 
C,3;H,,0O,N requires C, 71-9; H, 6-95%). 

Hex-3-yn-1-ol (XIII).—3-Chloro-2-ethyltetrahydrofuran (45 g.; Crombie and Harper, /., 
1950, 1707) was added during 10 minutes to a stirred suspension of sodamide (from sodium, 
25 g.) in liquid ammonia (1 1.), and the resulting suspension was stirred for 20 hours. Dry ether 
(150 c.c.) was added, followed by ammonium chloride (40 g.)._ Evaporation of the ethereal 
extract through a 10-cm. Fenske column and distillation gave two fractions: (a) b. p. 90—97° 
and (b) b. p. 83—87°/120 mm. Redistillation of (a) gave 2-ethyldihydrofuran (XIV) (10-2 g., 
30%), b. p. 95—97°/751 mm., ni? 1-4392—1-4406. The structure of the vinyl ether was confirmed 
by hydrolysis with 2N-sulphuric acid to 6-hydroxyhexan-3-one, b. p. (bath-temp.) 130°/10 mm. 
The phenylurethane crystallised in flat needles, m. p. 86°, from light petroleum (b. p. 60—80°) 
(Wohlgemuth, Compt. rend., 1914, 159, 80, gives b. p. 115—116°/21 mm., for the hydroxy- 
ketone and m. p. 84° for the phenylurethane). Redistillation of (6) gave hex-3-yn-l-ol (10 g., 
30%), b. p. 93 —94°/52 mm., nif 1-4561. It formed a 3 : 5-dinitrobenzoate as rosettes of feathery 
needles, m. p. 77° after two recrystallisations from light petroleum (b. p. 60—80°). The a- 
naphthylurethane crystallised in clusters of laths, m. p. 107°, from light petroleum (b. p. 60— 
80°) (Found: C, 76-7; H, 6-6. Calc. forC,,H,,O,N: C, 76-4; H,6-4%). [Sondheimer (/oc. cit.) 
records nj; 1-4579 for the alcohol and m. p.s 73—74° and 84—85° for the 3 : 5-dinitrobenzoate 
and the a-naphthylurethane respectively. Stoll and Commarmont (Helv. Chim. Acta, 1949, 
32, 597) give m. p. 75—76° for the 3: 5-dinitrobenzoate.] In view of the discrepancies in the 
m. p.s of the a-naphthylurethanes the structure of the alcohol was rigidly proved. Total hydro- 
genation with platinic oxide catalyst in ethyl acetate (uptake 92% of calculated amount) gave 
n-hexanol, which formed a 3 : 5-dinitrobenzoate, m. p. 59—60° (lit., 61°). Oxidation with an 
alkaline solution of potassium permanganate gave propionic acid, identified as the p-phenyl- 
phenacy] ester, which formed plates, m. p. 101° (lit., 102°), from ethanol. 

Reaction between 1-Bromo-2-ethoxyhexane (XV) and Sodamide.—(a) 1-Bromo-2-ethoxyhexane 
(37 g.; Swallen and Boord, J. Amer. Chem. Soc., 1930, 52, 654, 3400) was added dropwise during 
1 hour to a stirred suspension of sodamide (from 13 g. of sodium) in liquid ammonia (400 c.c.), 
and the resulting suspension was stirred for a further 20 hours. Liquid butane (200 c.c.) was 
then added, followed by ammonium chloride (22 g.). Most of the ammonia was allowed to 
evaporate, water (200 c.c.) was gradually added, the butane layer was decanted, and the aqueous 
layer was further extracted with butane. Butane was slowly removed from the combined 
dried extracts through a 20-cm. vapour-jacketed Fenske column using a carbon dioxide- 
methanol condenser for partial reflux. On distillation the residual liquid gave two fractions : 


8yY 
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(i) hex-l-yne (6-5 g., 45%), b. p. 722—76°/755 mm., nif 1-4008 (Hurd and Christ, J. Org. Chem., 
1936, 1, 143, give b. p. 71-3°, ni? 1-402), and (ii) 2-ethoxyhex-1l-ene (4:1 g., 18%), b. p. 78°/100 
mm., #}) 1-4172 (Found: C, 74:35; H, 12-7. C,H,,O requires C, 74:95; H, 12-6%). Treat- 
ment of (ii) with aqueous 2 : 4-dinitrophenylhydrazine sulphate solution resulted in an imme- 
diate precipitate of hexan-2-one 2 : 4-dinitrophenylhydrazone, which from ethanol gave feathery 
orange needles, m. p. 107° (lit., 106°). Hydrolysis of a further quantity of the vinyl ether with 
dilute acid, followed by isolation of the ketone and treatment with semicarbazide hydrochloride, 
gave the corresponding semicarbazone, crystallising from aqueous ethanol in prismatic needles, 
m. p. 123° (lit., 122°). 

4-Ethoxyoct-3-ene.—3-Bromo-4-ethoxyoctane was prepared by the method of Wibaut and 
Gitsels (Rec. Trav. chim., 1940, 59, 947). The bromo-ether (33 g.) was added during 10 minutes 
to a stirred suspension of sodamide (from sodium, 12 g.) in liquid ammonia (400 c.c.) and dry 
ether (50 c.c.). After 20 hours, ether (100 c.c.) was added, followed by ammonium chloride 
(20 g.). Water (150 c.c.) was then cautiously added and the aqueous layer extracted with ether. 
The ether was carefully removed from the dried extract through a 15-cm. Fenske column. 
The residual liquid (17 g.) on fractionation gave a negligible forerun (which would contain any 
oct-3-yne present) and 4-ethoxyoct-3-ene (14-5 g., 67%), b. p. 74—76°/31 mm., nf} 1-4240 (Found : 
C, 76:75; H, 12:45. C, 9H, ,O requires C, 76-85; H, 12-9%). Light absorption measurements 
(2120 A, ¢ = 2250) indicated that some of the isomeric ether, 4-ethoxyoct-2-ene, was 
present. Its structure was confirmed by acid hydrolysis to octan-4-one, b. p. 98°/97 mm., nj? 
1-4172, identified as the 2 : 4-dinitrophenylhydrazone which formed orange crystals, m. p. 37— 
38°, from light petroleum (b. p. 60—80°) (Found: C, 54:45; H, 6-3. Calc. for C,4yH,O,N,: 
C, 54:55; H, 65%). Hargreaves and Owen (J., 1947, 752) quote njf 1-4173 for the ketone and 
m. p. 41° for the 2: 4-dinitrophenylhydrazone. The semicarbazone crystallised from aqueous 
methanol and had m. p. 96—96-5° (Woods and Schwartzman, J. Amer. Chem. Soc., 1949, 71, 
1396, record 95—97°). 

Ultra-violet Light Absorption Measurements.—Purified hexane was used as solvent unless 
otherwise stated. Care was taken to minimise evaporation losses from the cells (preferably 
l-mm.). Measurements were commenced at the shortest wave-length and continued system- 
atically. The slit was initially set at maximum width, and the sensitivity control at least two 
turns from the maximum position. As the wave-length was increased the slit was used to zero 
the instrument until the normal slit width was reached (0-4—0-6 mm.), operation then being as 
usual (zero with sensitivity control). As far as possible, concentrations of solutions were ad- 
justed so that the observed values of E were in the region 0-2—0-4. The values were then 
corrected for the scattered light, Opler’s table (loc. cit.) being used to calculate the actual value 
of E. 

All the ethers were distilled from potassium hydroxide immediately before examination ; 
commercial 2 : 3-dihydropyran and cyclohexene were purified by refluxing them with sodium 
and distillation, and by washing with sodium hydrogen sulphite and distillation over sodium, 
respectively. In our experience these precautions are necessary for consistent results, and the 
discrepancies between the results illustrated and those recorded by Platt, Klevens, and Price 
(loc. cit.) are possibly due to differences in the methods of purification. 


The authors thank Mr. E. S. Morton for microanalyses. One of them (G. E.) is indebted 
to the Department of Scientific and Industrial Research for a Maintenance Grant. 
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546. Researches on Acetylenic Compounds. Part XXXIX.* General 
Routes to Aliphatic Polyacetylenic Hydrocarbons and Glycols. 


By C. L. Coox, E. R. H. Jones, and M. C. Wartrnc. 


The reactions described in earlier parts of this series for the synthesis of 
various aliphatic di-, tri-, and tetra-acetylenic compounds have been extended 
and generalised to give routes formally applicable to the synthesis of aliphatic 
polyacetylenes with more than four triple bonds. Several compounds 
containing five or six conjugated acetylenic linkages are described, and 
their light-absorption properties are discussed. 


RECENT communications (Part XXVIII, Armitage, Jones, and Whiting, J., 1951, 44; 
Parts XXXIII—XXXVII, Armitage, Cook, Entwistle, Jones, and Whiting, /J., 1952, 
1993—2014) have described syntheses of di- and tri-acetylene (III; = 2 and 3) and of 
numerous di-, tri-, and tetra-acetylenic compounds. For the investigation of polyacetyl- 
enic systems in general, however, it was desirable to prepare a more extensive range, 
including compounds with more than four conjugated acetylenic linkages. To this end, 
attempts have now been made to develop routes of general applicability, and some progress 
has been made. 

Conversion of but-2-yne-1 : 4-diol (I; = 1) via the corresponding dichloro-compound 
and disodiodiacetylene into hexa-2 : 4-diyne-1 : 6-diol (I; = 2) (Part XXVIII, loc. cit.), 
and of the latter via analogous intermediates into octa-2 : 4 : 6-triyne-1 : 8-diol (I; ™ = 3) 
(Part XXXVI, loc. cit.) indicates a possible general route to the higher poly-ynes. This 
sequence of reactions has the advantage that the parent compounds (III) would be formed, 
although the extreme instability of triacetylene suggests that their isolation would probably 
not be possible. 

The glycol (1; » = 3) was converted into the corresponding dichloride (II; = 3) in 
excellent (80°) yield when suitable modifications were made in the reaction conditions 
used for the lower homologues. It was obtained as a low-melting solid of reasonable 
stability. Treatment with sodamide in liquid ammonia at —77° (cf. Part XXXVI, Joc. 
cit.) followed by neutralisation and extraction with pentane gave a solution which was 
examined spectroscopically. Bands were observed at 2070, 2170, and 2270 A (relative 
intensities 1, 2-0, 2-7), analogous to similar intense bands in the spectrum of (IV; m = 4) 
(Part XX XVII, loc. cit.), but shifted by ca. 60 A to shorter wave-lengths. It therefore 


HO-CH,-(C=C],"CH,OH  CH,Cl{C=C),CH,Cl H(C=C],H  CH,(C=C},°CH, 
(I) (11) (III) (IV) 


seems that octa-1:3:5:7-tetrayne (III; = 4) had indeed been obtained in solution; 
when e was assumed to be 280,000 for the 2270-A band the yield was estimated as about 
12%. In an attempt to concentrate the solution at 0° brown polymeric material separated. 

When acetone was added to the solution of the disodium derivative of (II1; ™ = 4) 
the glycol (V; = 4) was obtained in small yield; its properties agreed with those of a 
specimen obtained by the oxidative coupling of the corresponding diacetylenic alcohol. 
This route to symmetrical tetra-acetylenic compounds is not, however, of preparative 
importance, since these are more easily obtained by oxidative coupling of the correspond- 
ing monosubstituted diynes. The glycol (I; = 4), required for the further extension 
of the general method, has already been prepared in this way; it was converted in 80% 
yield by thionyl chloride and pyridine into (II; = 4), m. p. 73°, extraordinarily sensitive 
to light. Treatment of the latter with sodamide at —77° and extraction with hexane 
after neutralisation gave a solution which showed light-absorption maxima at 2270, 2400, 
and 2540 A (relative intensities 1, 1-6, 1-8) in the positions expected for deca-1 : 3: 5:7: 9- 
pentayne (III; » = 5); their intensity leads to an estimate of the yieldas 1%. When the 


* Part XXXVIII, preceding paper. 
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disodium derivative was condensed with methyl iodide or acetone, rather better yields of 
penta-acetylenic products were obtaire.; in the latter case the glycol (V; = 5) was 
isolated in a nearly pure state. The reaction with methyl iodide gave a 3% yield of 
(IV; mn = 5), identified and estimated spectroscopically. Thus as » increases the yields 
in the process (II) —-> [III] —— (IV) or (V) fall rapidly, from nearly quantitative where 
n (in 1V) = 2, through about 50° where » = 3 and about 12% for » = 4, to only ca. 
3% for nm = 5. It thus appears that the general method discussed cannot usefully be 
extended further without modifications in the reaction conditions. 


OH-CMe,*[(C=C],"CMe,-OH (V) 


An approach to the synthesis of polyacetylenic hydrocarbons complementary to the 
route involving diprimary poly-yne glycols as intermediates is that illustrated below, 
involving disecondary glycols. 

Soc 
CH,-CH(OH)-[(C=C},_,-CH(OH)-CH, 


NaNH 
—> CH,-CHCI-(C=C),_,"CHCl-CH, ———> CH,-[C=C),CH, 
(V1) , 


(VII) (IV) 


C,H, 


Investigation of the simplest case (7 = 2) showed that the conversion of (VI) into (VII) 
could be accomplished in good yield with thionyl chloride and pyridine only under more 
drastic conditions than were necessary for the primary compounds (I ——> II). Dehydro- 
halogenation then proceeded smoothly. In this case the product is more accessible by 
other routes, but the synthesis of (IV; = 3) by this method in 56% overall yield from 
the glycol (VI; = 3) is probably a more convenient route to this hydrocarbon than that 
previously described (Part XXXVI, loc. cit.). Attempts to carry out these reactions in the 
case where » = 4 were frustrated by the failure to obtain a crystalline triacetylenic glycol 
with acetaldehyde, but in the more interesting case, where » = 5, the requisite glycol 
had already been prepared (Part XX XVII, Joc. cit.). The above reaction sequence in this 
case yielded a dichloride (VII; » = 4) and dimethylpenta-acetylene (IV; = 5). As 
was expected, the latter proved to be very easily decomposed both by light and by moderate 
temperatures. Repeated crystallisation in weak artificial light gave cream-coloured 
needles with emax. = 352,000 at 2605 A, not raised by further purification. 

For the synthesis of hexa-acetylenic compounds the use of the above methods would 
involve many stages and an attempt was therefore made to realise a shorter route involving 
monosubstituted triacetylenes, a combination of the methods previously employed. 


NaNH,; CuCl; 
CH,ClC=C-C=C-CH,CI —[ >> CHyC=C-C=C-C=CH —>—> (IV; 2 = 6). 

Considerable difficulty was encountered, since monosubstituted triacetylenes proved 
to be extremely unstable, and the crude products were contaminated with the even more 
unstable triacetylene (III; = 3) and the corresponding disubstituted triacetylene. It 
was necessary to purify the heptatriyne by extraction of the liquid ammonia solution with 
butane, followed by sublimation at 20°/0-01 mm.; a solid, m. p. ca. —10°, then separated 
on a “ finger ’’ cooled with liquid air. Since the hydrocarbon when isolated decomposed 
explosively, even at 0° in the absence of air, it was rapidly transferred in an atmosphere of 
nitrogen into the cuprous chloride solution; oxidative coupling then proceeded smoothly, 
but isolation of the dimethylhexa-acetylene (IV; » = 6) proved difficult. Crystallisation 
in subdued light finally gave pale yellow prismatic needles which, like (IV; = 5), gave 
only approximately correct analytical values, but which showed maximal light absorption 
at 2840 A with e = 445,000 and therefore were probably essentially pure. Unlike the 
lower polyacetylenes, solutions of this hydrocarbon showed some tendency to decompose on 
exposure to light. 

By similar reactions the corresponding diethylhexa-acetylene was prepared but it failed 
to crystallise, and a 15%, concentrate, obtained by chromatography, could not be purified 
further (see also below). Condensation of monosodiotriacetylene with acetone gave a 
mixture of the alcohol (VIII) and the corresponding glycol (V; » = 3), (cf. Part XXXVI, 
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loc. cit.) which was resolved (not quite completely) by chromatography. The alcohol 
proved to be very unstable, and on one occasion decomposed explosively at 0° im vacuo ; 
it was subjected to the oxidative coupling reaction, but its red copper derivative was 
precipitated even at pH 2, and the reaction was slow. Chromatographic purification of 
the product gave a 10% concentrate, and the positions of the ultra-high-intensity absorp- 
tion maxima could therefore be determined, but much of the product consisted, apparently, 
of dehydration products showing intense absorption beyond 3000 A. 


OH-CMe,C=C-C=C-C=CH (VIII) 


Of considerable potential value is the alternative method of obtaining monosubstituted 
polyacetylenic hydrocarbons by the application of the chlorination—-dehydrochlorination 
procedure to primary-secondary glycols : 


NaNH 
CH,°CH(OH):[C=C)},_,°CH,-OH ——> Me-CHC1-(C=C)},,_,°CH,Cl ——> Me-[(C=C],°H. 


In the simplest case (where » = 2) this method was found to proceed smoothly, though the 
isolation of penta-1 : 3-diyne again proved difficult (cf. Part XX XIII, Joc. cit.). The 
unsymmetrical glycol was prepared in moderate yield by condensation of acetaldehyde 
with the Grignard derivative of propargyl alcohol; attempts to condense formaldehyde 
with the Grignard derivative of but-1-yn-3-ol were unsuccessful. The reactions between the 
disodium derivatives of propargyl alcohol and but-1l-yn-3-ol, and acetaldehyde and form- 
aldehyde respectively, gave heterogeneous products. A somewhat impure glycol was 
obtained from condensation of the disodium derivative of hepta-4: 6-diyn-3-ol and 
formaldehyde. A Grignard reaction would undoubtedly have been preferable in this 
case; however, chlorination, dehydrochlorination, and oxidative coupling gave a rather 
better concentrate (estimated at 20%) of the diethylhexa-acetylene than the alternative 
method. 


Light absorption properties. 


The ultra-high-intensity light absorption exhibited by tri- and tetra-acetylenic com- 
pounds (Parts XXXVI and XXXVII, doce. cit.), was observed at progressively longer 
wave-lengths in the higher members of the series now examined (Fig. 1 and Tables). Un- 
fortunately only two of the penta- and one of the hexa-acetylenic compounds could be 
obtained in a state of approximate purity. In the other cases, however, measurements 


TABLE 1. Light-absorption maxima of pentaynes, R-[(C=C],°R. 
(a) Ultra-high intensity bands. 
Substance — Amax. (A) (€) Amax. (A) (€) Amax. (A) (€) Amax. (A) (e) Amax. (A) (€) 
P oO N M L 
(III) * -— -- 2290 (1)¢ 2400 (1-65) + 2540 (1-83) t 
(IV) 2150 (10,000) 2240 (29,000) 2335 (95,000) 2470 (243,000) 2605 (352,000) 
(V) 2180 (15,000) 2280 (44,000) 2390 (116,000) 2520 (240,000) 2650 (355,000) 
(b) Medium-intensity bands. 
Amax. (A) (2) Amax. (A) (€) Amex. (A) (2) Amax. (A) (2) 
Substance D Cc B A 
(IV) 3245 (230) 3475 (210) 3735 (150) 3940 (120) 
(V) 3140 (785) 3375 (670) 3635 (640) 3930 (525) 
* In hexane. + Relative intensity; scale arbitrary. 


with partially purified concentrates sufficed to give the positions of the maxima. For- 
tunately the sharpness and extreme intensity of these bands makes this possible, even in 
the presence of much general absorption due to the impurities constituting 80—90% of the 
material in some of these cases. 

The medium-intensity long-wave-length absorption shown by the lower polyacetylenes 
was also observed in the three cases where the products were isolated. In this region, 
however, even traces of light-absorbing impurities profoundly affect the shape of the 
curves. The results for dimethylpenta-acetylene (IV; m = 5), which are illustrated, are 
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probably fairly accurate, but the intensities recorded for the A, B, C, etc., bands of the glycol 
(V; m= 5) are much higher than would be expected, and only the first band (A) lies 
close to the expected position, the others being displaced to shorter wave-lengths by the 
superposition of rising absorption. The intensities for (IV; = 6) are also much too 
high. The 4250-A maximum, however, lies at the position expected by extrapolation 
for the A band, and indications of the B, C, and D bands are observed at about the positions 
expected, on the assumption that the usual 2300-cm.! spacing is observed in this case. 

It is now profitable to discuss the general laws connecting the position of the maxima 
with the extent of the polyacetylenic chain, using the series (IV ; = 1—6) as an example ; 
the elucidation of these correlations and their comparison with the corresponding laws 
for polyene spectra were one of the major objectives of these investigations. 

In the first place, it can be discerned that the frequency spacing of the A—E bands, 
and of the L—Q bands does not vary appreciably with the value of m. It is about 2300 cm. 


Fic. 1. Light absorption of dimethylpenta- and dimethylhexa- 
acetylenes (in alcohol). Fic. 2. 
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in the first case and about 2100 cm. in the second, compared with the typical polyene 
fine-structure spacing of 1600 cm."!, These values presumably represent the spacing of the 
principal vibrational levels in the first and second excited states, respectively, and it is 
interesting to note that the first agrees closely with the —-C=C— bond-stretching levels in 
the ground state, as determined by the infra-red measurements discussed below. 

If attention is confined to the bands (A and L), involving transitions to the lowest 
vibrational levels of the two electronic states observed, the variation of wave-length 


TABLE 2. 


* In hexane. 


Ultra-high intensity maxima of hexaynes, 


Amax. (A) (€) 
Q 

2210 (11,000) 

2220 (9,000) 


7 
50 (128,000) 


2580 (26,000) 


0 (50,000) 
0 (34,000) 


An ax. (A) (e) 

P 

2310 (17,500) 

2295 (14,000) 

2315 (15,000) 

2350 (28,000) 
M 

2685 (317,000) 

2710 (55,000) 

2700 (74,000) 

2720 (40,000) 


R(C=C],"R 


 — (A) (e) 
O 

2420 (47,000) 

2450 (14,000) 

2435 (22,000) 

2450 (30,000) 
P 


2840 (445,000) 
2860 (75,000) 
2850 (90,000) 
2890 (48,000) 


+ Determined on non-crystalline concentrates. 
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with » is illustrated in Fig. 2 [Price and Walsh’s result (+-) for hexa-2 : 4-diyne in the 
vapour phase (Trans. Faraday Soc., 1945, 41, 384) is included]. For both transitions an 
accurate proportionality between 2* and is observed, as has been found also for the 
principal bands of polyenes, especially the diphenylpolyenes (Hausser, R. Kuhn, and 
Smakula, Z. phystkal. Chem., 1935, B, 29, 384). In the latter case the theoretical 
implications of this relationship have been discussed (Lewis and Calvin, Chem. Reviews, 
1939, 25, 273; H. Kuhn, Helv. Chim. Acta, 1949, 32, 2247). 

Now that the main bands of the spectra of the hydrocarbons (III; m = 4 and 5) have 
been recorded, it is evident that the bathochromic effects of alkyl substitution are small 
when the intense short-wave-length bands are considered; the two terminal methyl 
groups displace these maxima by about 60 A (m = 4) and 55 A (m = 5) to longer wave- 
lengths. These may be compared with the similarly small increment (+-20 A) observed 
for the A band, following the introduction of the second alkyl group into diacetylenes 
(Part XXXIV, loc. cit.), and with the rather larger increments (+50 A per alkyl group) 
observed for alkyl substitutiorf in polyenes (Fieser, J. Org. Chem., 1950, 15, 930). 

The profound effects of hyperconjugative auxochromes on the light-absorption properties 
of diacetylenes (Armitage and Whiting, Part XXXV, Joc. cit.) are again observed in the 
higher poly-ynes. 

The small displacements attributable to «-hydroxyl groups are evident from Tables 1, 
and 2, and Table 3 shows the greater influence of two chlorine atoms in the propargylic 
positions on the light-absorption maxima of (II and 1V; » = 3 and 4); the displacements 
of the A and the L bands are summarised for these substances, and for the corresponding 
di-ynes in Table 4 from which it can be seen that the effect of a chlorine substituent decreases 


as 2 increases, and, if frequency shifts are considered, is greater for the L band than for the 
A band. 


TABLE 3. Effects of chlorine atoms on light-absorption properties. 

(IV; = = 4*) (II; m = 4) (IV; *« = 3 *) (II; #% = 3) 
Amax. (A) (€) Ama. (A) (2) Amaz. (A) (€) Amax. (A) (€) 

3540 (105) 3650 (700) 3060 (120) 3180 (990) 

3280 (180) 3390 = (1,210) 2860 (200) 2990 (1,650) 

3060 (180) 3150 = =(1,710) 2680 (200) 2800 (1,230) 

2860 (140) 2970 (1,600) 2530 (130) 2650 (840) 

2680 (125) 2790 =(1,260) 2390 (105) 2510 (520) 

2345 (281,000) 2450 (202,000) <2070 (> 140,000) 2190 (>140,000) 

2235 (198,000) 2335 (150,000) 

2145 (91,500) 2220 (71,000) 

2040 (24,000) 2080 (26,000) 


* Parts XXXVI and XXXVII, locc. cit. 


TABLE 4. Variation in bathochromic effect of chlorine substituents with n. 
A Band L Band 
+170 A. (—250 cm.-) ~— 
+120 A. (—147 cm.) +>120 A. (—>270 cm.) 
+110 A. (—86 cm.) + 105 A. (—187 cm.) 
* Parts XXXIV and XXXV. 


Various extrapolation procedures permit deductions, probably of considerable reliability, 
as to the spectra of higher and lower polyacetylenes, and simple acetylenes. These need 
not be discussed in detail. 

The infra-red absorption spectra of the dimethylpoly-ynes (IV; m = 2—6) were 
determined in carbon tetrachloride, with a Perkin-Elmer Double Beam Spectrometer, 
Model 21. Apart from one band, the spectra were very similar. The C=C stretching 
band, however, varied in intensity and to some slight extent in position. In (IV; = 6) 
it was the only band clearly observed, as the substance is unstable and only very sparingly 
soluble. The slight variation in frequency with is shown below : 

n 

Frequency (cm.~') 
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EXPERIMENTAL 


In work recorded below in which sensitive compounds were being handled [7.e., all poly- 
acetylenic compounds apart from type [(V); » = 4, 5, or 6; (I) and (II); m = 3], all operations 
were carried out below 50°, and whenever possible below 20°. Monosubstituted triacetylenes 
were handled below 0° and in a nitrogen atmosphere. Whenever possible substances were 
stored in dilute ethereal solution; otherwise they were kept at —70°. Analyses were usually 
performed within an hour of final purification, but, despite all precautions, satisfactory data 
could not always be obtained, even though spectrographic measurements indicated a high degree 
of purity. Photosensitive substances were finally recrystallised in weak artificial light in a 
cold room at —5°. The polyacetylenic compounds which decomposed before melting were 
recrystallised until the ultra-high-intensity light absorption maxima in the ultra-violet reached 
constant intensity; in all cases ethanol was used as solvent, except where otherwise specified. 

Light petroleum refers to the fraction, b. p. 60—80°, unless otherwise stated; m. p.s were 
determined on a Kofler block, and “‘ alumina ”’ and “ deactivated alumina ”’ refer to material 
from P. Spence, of Grade O, which in the latter case was washed with methanol and dried at 
100° for 3 hours before use, with reduction of the Brockmann grade from II to III. Where the 
source of a starting material is not stated, it is described or referred to in Parts XXVIII or 
XXXITI—XXXVII (loce. cit.). 

Most experiments with liquid ammonia as solvent were carried out in small vacuum-flasks, 
the contents of which could be cooled to —77° by direct addition of liquid nitrogen. 

1 : 6-Dichlorohexa-2 : 4-diyne (II; m = 2).—To a solution of hexa-2: 4-diyne-1 : 6-diol 
(165 g.) in pyridine (210 c.c.), thionyl chloride (270 c.c.) was added with mechanical stirring 
during 3 hours, the temperature being kept at 30° by external cooling. After a further 18 hours 
at 20° the product was isolated with ether; the extract was washed with water, sodium carbonate 
solution, and dilute sulphuric acid. Distillation gave 1: 6-dichlorohexa-2 : 4-diyne (175 g., 
80%), b. p. 61°/0-5 mm., ni 1-5770 (Hunsmann, Ber., 1950, 88, 213, gives b. p. 65°/0-1 mm., 
ny 1-5740). 

1 : 8-Dichloro-octa-2 : 4: 6-triyne (II; m = 3).—Thionyl chloride (2-0 c.c.) was added to a 
solution of octa-2 : 4 : 6-triyne-1 : 8-diol (1-4 g.) in ether (10 c.c.) and pyridine (2 c.c.) at 30—35°, 
with stirring. After 18 hours at 20° water was added and the neutral fraction was isolated. 
Chromatographic purification on alumina with light petroleum as eluent gave 1 : 8-dichloro- 
octa-2 : 4: 6-triyne (1-4 g., 80%) as flat needles, m. p. 30°, not raised by crystallisation from light 
petroleum (Found : C, 55-95; H, 2-7. C,H,Cl, requires C, 56-2; H, 235%). This compound 
possesses strong vesicant properties, and slowly becomes brown on exposure to light. 

Octa-1 : 3:5: 7-tetrayne (III; nm = 4).—The above dichloride (0-2 g.) in ether (10 c.c.) was 
added to a suspension of sodamide, prepared from sodium (0-2 g.) in liquid ammonia (30 c.c.) 
at —77°. Extraction with hexane gave a solution which was made up to 100 c.c., washed, and 
dried. After 200-fold dilution it showed absorption maxima at 2270, 2170, and 2070 A, 
Es mm, = 0-425, 0-305, and 0-155. On the assumption that E}%, = 28,000 at 2270 A, this 
corresponds to a 12% yield of (III; = 3). 

2 : 11-Dimethyldodeca-3 : 5: 7: 9-tetrayne-2: 11-diol (V; mn = 4).—To a _ suspension of 
sodamide, prepared from sodium (0-5 g.) and liquid ammonia (50 c.c.), 1 : 8-dichloro-octa- 
2:4: 6-triyne (1-0 g.) was added in ether (10 c.c.) at —77°. After 5 minutes, acetone (0-6 g.) 
and, after a further 15 minutes, ammonium nitrate (1-0 %.) were added and the ammonia was 
allowed to evaporate with the addition of ether. Extraction of the resultant mixture of in- 
organic salts and polymeric material with more ether gave on evaporation a semi-crystalline 
residue (0-3 g.) which had E}%,, = 3000, 2000, and 1250 at 2400, 2260, and 2130 A, respectively, 
and therefore contained about 65 mg. of (V; = 4). This compound was isolated, with E}".,, 
values in agreement with those previously recorded (Part XXXVII, loc. cit.), by crystallisation 
from benzene-—light petroleum. 

1 : 10-Dichlorodeca-2 : 4: 6 : 8-tetrayne (II; m = 4).—Thionyl chloride (9 c.c.) was added at 
25—30° with stirring to a solution of the corresponding glycol (I; m = 4) (5-3 g.) in ether 
(20 c.c.) and pyridine (8 c.c.). The mixture was then warmed to 40° for 30 minutes, stirred for a 
further 1} hours at 20°, and treated with ice-water. Isolation of the neutral fraction gave a 
solid which was purified by chromatography on alumina from light petroleum followed by 
crystallisation from carbon disulphide, giving 1 : 10-dichlorodeca-2 : 4: 6 : 8-tetrayne as needles, 
m. p. 73°, which rapidly became blue-green on exposure to light (Found: C, 61-9; H, 2-0. 
C,9H,Cl, requires C, 61-6; H, 2-05%%). 

Deca-1:3:5:7:9-pentayne (III; m = 5).—A suspension of sodamide, prepared from 
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sodium (0-1 g.) and liquid ammonia (50 c.c.), was cooled to —77° and treated with a solution of 
the above dichloride (0-2 g.) in ether (5 c.c.). After 10 minutes ammonium nitrate (0-5 g.) 
was added and hexane extraction gave a solution which was washed with water, dried (MgSO,), 
and made up to 200 c.c. After ten-fold dilution this had light-absorption maxima at 2540, 
2400, and 2270 A, Ey mm, = 0-320, 0-288, and 0-175. If the pure hydrocarbon has E?%, = 29,000 
at 2540 A, this corresponds to a yield of about 1%. 

Dodeca-2 :4:6:8:10-peniayne (IV; mn = 5).—A suspension of sodamide prepared from 
sodium (0-2 g.) in liquid ammonia (50 c.c.) was cooled to —77°; a solution of (II; m = 4) 
(0-3 g.) in ether (10 c.c.) was added. After 1 minute methyl iodide (0-4 g.) was added, then 
after 20 minutes ammonium nitrate (0-5 g.). Extraction of the ammonia phase with hexane 
gave a solution which was washed, dried, and made up to 100 c.c. After 100-fold dilution, 
this had light-absorption maxima with E,,,,. = 0-320, 0-206, and 0-102 at 2590, 2460, and 2320 A, 
respectively. If E}%,. = 23,000 at 2590 A, this corresponds to a yield of the pure hydrocarbon 
of 3°% (see below for alternative method of preparation). 

2 : 13-Dimethyltetradeca-3 :5:7:9: 11-pentayne-2 : 13-diol (V; m = 5).—A suspension of 
sodamide, prepared from sodium (2-3 g.) and liquid ammonia (100 c.c.), was treated with (IT; 
n = 4) (4-8 g.) in ether (20c.c.) at —77°. After one minute’s stirring acetone (3-0 g.) was added, 
and after a further 20 minutes the sodium derivative was decomposed with ammonium chloride 
(10 g.). After the ammonia had been allowed to evaporate freely with occasional addition of 
ether the neutral product was isolated as a brownish semi-crystalline mass (0-8 g., 14%) which 
by spectrographic assay was shown to be about 30% pure. Repeated crystallisation from 
benzene—light petroleum gave the glycol (ca. 20 mg.) as pale-yellow plates which became orange 
on exposure to light (Found : C, 77-85; H, 65. C, 9H,,O, requires C, 80-6; H, 5-9%). Despite 
the poor analytical figures, its light-absorption properties (Table 1) suggest that the final specimen 
was essentially pure. 

2 : 5-Dichlorohex-3-yne (VII; m = 2) (with T. Y. SHEN).—A mixture of hex-3-yne-2 : 5- 
diol (Dupont, Ann. Chim., 1913, 30, 485) (11-4 g.) and pyridine (24 g.) was stirred while thionyl 
chloride (30 g.) was added dropwise, the temperature being kept at ca. 30° by external cooling. 
The temperature was then raised to 50° for 1 hour. After cooling, ice was added, and the 
neutral fraction was distilled, giving 2 : 5-dichlorohex-3-yne (11-5 g., 76%), b. p. 55°/10 mm., 
ny 1-4802 (Found: C, 47-95; H, 5-25. C,H,Cl, requires C, 47-7; H, 5-35%). 

Hexa-2 : 4-diyne.—A suspension of sodamide, prepared from sodium (2-9 g.) in liquid ammonia 
(100 c.c.), was treated with 2 : 5-dichlorohex-3-yne (9-6 g.). Isolation of the crude product with 
butane gave after evaporation a crystalline residue, which from pentane at —40° gave hexa- 
2 : 4-diyne (3-4 g., 70%) as rhombohedra, m. p. 64°, undepressed on admixture with an authentic 
sample. 

2 : 7-Dichloro-octa-3 : 5-diyne (VII; = 3).—Thionyl chloride (30 g.) was added to a solu- 
tion of octa-3 : 5-diyne-2 : 7-diol (13-8 g.) in pyridine (24 g.), the temperature being kept at about 
35°. After 18 hours’ stirring at 20° ice was added and the product was isolated with ether; 
distillation gave 2 : 7-dichloro-octa-3 : 5-diyne (11-9 g., 68%), b.p. 58—60°/10-? mm., mn}? 1-5375 
(Found: C, 55-1; H, 4-8. C,H,Cl, requires C, 54-9; H, 465%). 

Octa-2 : 4: 6-triyne (IV; n = 3).—A suspension of sodamide prepared from sodium (2-0 g.) 
in liquid ammonia (100 c.c.) was treated with 2 : 7-dichloro-octa-3 : 5-diyne (7-2 g.) at —77°. 
After addition of ammonium chloride and the evaporation of the ammonia the product was 
isolated with ether and sublimed (h-tube, Part XXVIII, loc. cit.) at 80° (bath-temp.)/10-? mm., 
to give octa-2 ; 4: 6-triyne (3-1 g., 75%) as rhombohedra, m. p. 128°, undepressed on admixture 
with a specimen prepared according to Part XXXVI (loc. cit.). 

2 : 11-Dichlorododeca-3 : 5:7: 9-tetrayne (VII; n = 4).—A solution of the corresponding 
glycol (VI; » = 4) (10-3 g.) in ether (20 c.c.) and pyridine (9 c.c.) was treated with thionyl 
chloride (10 c.c.) with stirring, the reaction mixture being kept at 30—35° during the addition 
and for a further 2 hours. Ice-water was then added, and the neutral fraction was isolated and 
chromatographed on alumina from light petroleum. The non-polar fraction (4:5 g., 37%) 
did not give good analytical figures for the expected dichloride, but it showed ultra-violet light 
absorption maxima at 2460, 2340, and 2230 Awithe = 160,000, 120,000, and 60,200 respectively 
and was therefore probably about 80% pure. 

Dodeca-2 : 4:6: 8: 10-pentayne (IV ; n = 5) (Second Method).—The above dichloride (4-5 g). 
was added to a suspension of sodamide, prepared from sodium (0-9 g.) in liquid ammonia 
(100 c.c.) at —77°. After 15 minutes ammonium chloride (2 g.) was added, the contents of 
the vacuum-flask were poured out, and most of the ammonia was evaporated rapidly by warm- 
ing after light petroleum (200 c.c.) and benzene (10 c.c.) had been added. Filtration from the 
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mineral salts and black polymeric matter and evaporation in vacuo gave a yellowish solid 
(0-25 g.).  Crystallisation from light petroleum at 40° gave the hydrocarbon as cream-coloured 
prismatic needes (0-1 g., 3%), which became brown in air in the dark at —5° in a few minutes 
(Found: C, 94-8, H, 5-05. C,,H, requires C, 95-95; H, 4-059). Despite the analytical data, 
the ultra-violet light-absorption properties (Fig. 1 and Table 1) indicate that the final specimen 
was probably almost pure; it rapidly became blue on exposure to light. 

Hepta-1 : 3 : 5-triyne.—To a suspension of sodamide, prepared from sodium (6-9 g.) in liquid 
ammonia (150 c.c.) and cooled to —77°, 1 : 6-dichlorohexa-2 : 4-diyne (14-7 g.) was added. 
After 1 minute methyl iodide (14-2 g.) was added, and the mixture was set aside for 20 minutes. 
Addition of ammonium chloride (10 g.) and repeated extraction of the ammonia phase with 
butane, followed by evaporation of most of the latter, gave a yellow liquid which was transferred 
to the one limb of a simple modification of the h-tube illustrated in Part XXVIII (loc. cit.), 
in which a tap had been introduced into the bottom of the limb below the “ finger.’’ The tube 
was then evacuated, the remainder of the butane evaporating and reducing the temperature 
to about —20°. When the pressure reached 0-2 mm., liquid nitrogen was added to the “ finger,”’ 
and the temperature of the limb containing the product was allowed to rise; hepta-1 : 3: 5- 
triyne distilled and condensed on the finger. On removal of the refrigerant the product (ca. 
1-5 g.) melted at about —10° and ran into the left-hand limb; after admission of nitrogen (or 
carbon dioxide) the product could be transferred to another apparatus via the lower tap. The 
non-volatile residue contained most of the octa-2 : 4 : 6-triyne, which sublimes only very slowly 
at ca. 10°, while the hexa-1 : 3: 5-triyne was largely eliminated with the butane; much poly- 
meric material is formed in the reaction, and this residue exploded on one occasion after the 
distillation when air was finally admitted. Heptatriyne also explodes very easily above 0°. 

Tetrvadeca-2 :4:6:8: 10: 12-hexayne (IV; n = 6).—The above heptatriyne was carefully 
transferred to a solution of cuprous chloride (10 g.) and ammonium chloride (16 g.) in water 
(150 c.c.) and methanol (10 c.c.).. An orange precipitate formed immediately. The flask was 
evacuated and filled with oxygen and shaken, whilst cooling to 0°, until absorption ceased. 
The crude product was isolated with ether, the solution was dried and evaporation and crystallis- 
ation of the residue from light petroleum at —40° gave the fetvadeca-2 : 4: 6:8: 10: 12-hexayne 
(400 mg., 5%) as small yellow crystals. These rapidly became brown in diffused light even at 
—5°. Although the compound was too unstable to furnish satisfactory analytical data (Found : 
C, 94:3; H, 4-8. C,H, requires C, 96-5; H, 3-5%) spectrographic data (see Fig. 1 and Table 2) 
indicate a high degree of purity. 

2: 15-Dimethylhexadeca-3 :5:7:9:11: 13-hexayne-2:15-diol (V; mn = 6).—Triacetylene 
was prepared from 1 : 6-dichlorohexa-2 : 4-diyne (14-7 g.) in liquid ammonia (150 c.c.) at —77° 
with sodamide from sodium (6-9 g.). The mixture was stirred while acetone (5-8 g.) was added 
and this was followed immediately by ammonium nitrate (8 g.)._ The ammonia was allowed to 
evaporate while ether was added from time to time. (Attempts to isolate the alcohol were 
unsuccessful since the crude material invariably deflagrated at room temperature and once 
while being dried at 0°/10-? mm.) In this instance the product was purified to some extent by 
chromatography from ethereal solution on deactivated alumina. The ether was evaporated 
and replaced by aqueous methanol (1: 1), and the solution was added to a solution of cuprous 
chloride (20 g.) and ammonium chloride (30 g.) in water (100 c.c.), an immediate orange preci- 
pitate being formed. After the whole had been shaken with oxygen until absorption ceased 
the product was isolated with ether and purified to some extent by chromatography on de- 
activated alumina from ethereal solution. As judged by its light absorption (Table 2) a 10% 
concentrate of the glycol was obtained, but the presence of much high-intensity absorption 
above 3000 A indicated the probable presence of dehydration products. 

Pent-2-yne-1 : 4-diol.—To a solution of ethylmagnesium bromide, prepared in ether (150 c.c.) 
from magnesium (5-0 g.), benzene (150 c.c.) was added steadily while the ether was distilled 
off. Propargyl alcohol (5-6 g.) in benzene (7 c.c.) was then added with external cooling to 0°, 
and the mixture was stirred at 20° for 1 hour. Cooling was resumed while acetaldehyde (4-4 g.) 
was added; after 16 hours at 20° the neutral product, isolated by continuous extraction, was 
distilled, giving pent-2-yne-1] : 4-diol (5-5 g., 37%), b. p. 86—88°/0-5 mm., nj? 1-4762 (I.G. 
Farbenind., U.S.P. 2,238,471, gives b. p. 110—112°/7 mm.). The bis-3 : 5-dinitrobenzoate, 
crystallised from benzene, had m. p. 139° (Found: C, 47-0; H, 2-8. C,,gH,,0,.N, requires C, 
46-75; H, 2-5%). 

1 ; 4-Dichloropent-2-yne.—The above glycol (6-4 g.) and pyridine (10 g.) were stirred while 
thionyl chloride (20 g.) was added, the temperature being kept at about 30° by external cooling. 
The reaction mixture was warmed to 40° for 1 hour, then cooled and treated with ice. Isolation 
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of the neutral fraction with ether and distillation gave 1 : 4-dichloropent-2-yne (6-6 g., 76%) 
b. p. 58—60°/12 mm., m} 14880 (Found: C, 44-0; H, 445. C;H,Cl, requires C, 43-8; H 
4-4%,). 

Penta-1 : 3-diyne.—1 : 4-Dichloropent-2-yne (9-5 g.) was added to a suspension of sodamide, 
prepared from sodium (3-4 g.) and liquid ammonia (100 c.c.). After 15 minutes ammonium 
chloride (5 g.) was added, followed by butane (4 x 50 c.c.), the mixture being stirred and the 
greater part of the butane layer being poured off each time. Evaporation through a 15-cm. 
Widmer column under partial reflux (carbon-dioxide—acetone) and distillation gave penta- 
] : 3-diyne (2-2 g., 50%), b. p. 76°, nj? 1-4750 (Schlubach and Wolf, Annalen, 1950, 568, 141, 
give b. p. 76—77°, nf 1-4717; Armitage, Jones, and Whiting, J., 1952, 1993, give b. p. 76°5°, 
ny 1-4790). 

Hepta-4 : 6-diyn-3-ol.—To a suspension of sodamide, prepared from sodium (19-2 g.) in 
liquid ammonia (200 c.c.), 1 : 4-dichlorobut-2-yne (24-6 g.) was added. After 1 minute the 
mixture was treated with freshly distilled propaldehyde (11-6 g.) in ether (50 c.c.) and set aside 
for 16 hours. Ammonium chloride (15 g.) was added and the ammonia was allowed to evaporate 
with the addition of ether. Distillation gave hepta-4 : 6-diyn-3-ol (5-7 g., 26%), b. p. 57°/0-05 
mm., #}} 15005 (Found: C, 76-4; H, 7-35. C,H,O requires C, 77-8; H, 7:45%). 

Octa-2 : 4-diyne-1 : 6-diol_—To a suspension of sodamide, prepared from sodium (1-5 g.) in 
liquid ammonia (150 c.c.), hepta-4 : 6-diyn-3-ol (3-0 g.) wasadded. After 20 minutes the mixture 
was treated with paraformaldehyde (1-0 g., dried over phosphoric oxide) and set aside for 16 
hours. Ammonium chloride (3 g.) was added and the ammonia allowed to evaporate with the 
addition of ether. Distillation gave octa-2 : 4-diyne-1 : 6-diol (2 g., 52%), b. p. 120°/0-01 mm., 
n}* 1-5335 (Found: C, 68-3; H, 7-45. C,H,,O, requires C, 69-5; H, 7-3%). 

Hexadeca-3 :5:7:9:11:13-hexayne.—(a) To a_ solution of octa-2: 4-diyne-1 : 6-diol 
(5-8 g.) in pyridine (6 c.c.), kept at 30°, thionyl chloride (8 c.c.) was added. After 3 hours’ 
stirring at 30° the product was isolated with ether. Distillation of the residue gave slightly 
impure 1 : 6-dichloro-octa-2 : 4-diyne (3-1 g., 42%) as an oil, b. p. 67°/0-01 mm., nj} 1-5540 
(Found: C, 56-6; H, 4:8. C,H,Cl, requires C, 54-9; H, 465%). 

A suspension of sodamide, prepared from sodium (0-4 g.) in liquid ammonia (50 c.c.), was 
treated with the above 1 : 6-dichloro-octa-2 : 4-diyne (2-4g.) at —77°. The crude octa-1 : 3: 5- 
triyne (1-1 g.), mj} 1-5282 (see also below), isolated with butane showed ultra-violet light absorp- 
tion maxima at 3040, 2800, 2645, 2500 A, Ey, 11, 22, 20, 14. Its instability precluded further 
purification and therefore it was used immediately in the coupling reaction. 

The crude triyne (1-1 g.) was added to a solution of cuprous chloride (5 g.) and ammonium 
chloride (8 g.) in water (75 c.c.) and methanol (5 c.c.), and the mixture was shaken in oxygen 
until absorption ceased. After extraction with ether, a residue (0-9 g.) was obtained which showed 
light absorption (see Table 2), indicating that it contained about 20% of hexadeca- 
3:5:7:9: 11: 13-hexayne. 

(6) Toa suspension of sodamide from sodium (3-45 g.) in liquid ammonia (200 c.c.) at —77° 
to which had been added 1 : 6-dichlorohexa-2 : 4-diyne (7-35 g.), ethyl iodide (7-8 g.) was intro- 
duced. After 20 minutes the product was isolated with butane and sublimation at 20° (bath- 
temp.) /10-? mm. gave octa-1 : 3: 5-triyne with absorption maxima at 3050, 2800, 2650, and 
2510 A, enay. = 90, 190, 265, and 260, respectively. 

The triyne was coupled as described above. Removal of the solvent gave a yellow liquid 
which by chromatography on activated alumina from hexane solution gave a concentrate, 
estimated by its light absorption (Table 2) to contain 15% of the hexa-acetylene. 


The authors express their appreciation of the co-operation of Mr. E. S. Morton with the 
difficult microanalyses. One of them (C. L. C.) is indebted to the Commonwealth of Australia 
Department of Supply for a maintenance grant. 
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547. Steroids. Part I. 11-Oxygenated Steroids from Ergosteryl-D 
Acetate. 
By RicHARD BupziaArEkK, G. T. NEWBOLD, ROBERT STEVENSON, and F. S. SPRING. 


Experiments are described in which 11-hydroxy-steroids and an 11-keto- 
steroid are obtained from ergosterol. Whereas oxidation of ergosteryl-D 
acetate with one mol. of performic acid gives 38-acetoxyergosta-9(11) : 22- 
dien-7-one (XI), with two mols. of the oxidising agent 38-acetoxy-9« : 1l«- 
epoxyergost-22-en-7-one (XIV) is obtained. By using mild alkaline con- 
ditions, hydrolysis of the latter is accompanied by rearrangement to give 
38 : Lla-dihydroxyergosta-8 : 22-dien-7-one (XV; R’=H). Treatment of 36- 
acetoxy-9« : 1lx-epoxyergost-22-en-7-one with strong alkali also effects a re- 
arrangement, to give in this case, after acetylation, 7 : 11-diketoergost-22- 
en-38-yl acetate (XIII). 7: 11-Diketoergost-22-en-38-yl acetate is also 
obtained by treatment of 38: 1la-diacetoxyergosta-8 : 22-dien-7-one (XV; 
R’ = Ac) with strong alkali followed by acetylation of the product. 
Ergosteryl-D acetate epoxide has been converted into 38-acetoxy-98 : 1la- 
dihydroxyergost-22-en-7-one (XVI; R’ =H) characterised by its acetyl 
derivative (XVI; R’ = Ac) and by its ready conversion into 38: Il«- 
diacetoxyergosta-8 : 22-dien-7-one (XV; R’ = Ac). 


THE experiments described in this paper and in some succeeding Parts of this series have as 
their object the development of routes to cortisone starting from ergosterol. The in- 
vestigation was commenced in July, 1949, at a time when the only practicable preparative 
method for cortisone started from deoxycholic acid and proceeded by a tortuous route 
involving more than thirty stages. 

Bergmann and Stevens (J. Org. Chem., 1948, 13,10; cf. Bergmann and Klacsmann, 
ibid., p. 21) suggested the use of ergosterol as a starting material for the partial synthesis 
of adrenal cortical steroids ‘‘ because of the comparative ease with which it may be con- 
verted to derivatives like dehydroergosterol which possess unsaturation at C,, and which 
might lend themselves to the introduction of oxygen at this point. In addition the 22 : 23- 
double bond was expected to facilitate removal of the side-chain to permit its replacement 
by one of the typical side-chains of adrenal cortical hormones.’’ In an elegant series of 
experiments, Bergmann and Stevens made considerable progress in the last direction. They 
showed that protection of the conjugated nuclear double bonds of ergosteryl acetate by 
means of maleic anhydride allowed the 22 : 23-double bond to be preferentially oxidised. 
Thus treatment of the maleic anhydride adduct (I) with ozone gave an aldehyde (II) which 
was converted into the enol acetate (III), ozonolysis of which, followed by pyrolysis of the 
product, gave 38-acetoxypregna-5 : 7-dien-20-one (IV) (cf. Antonucci, Bernstein, Giancola, 
and Sax, J. Org. Chem., 1951, 16, 1356). Less successful were attempts to introduce either a 
hydroxyl or a ketone group at the 11-position starting from dehydroergosteryl acetate— 
maleic anhydride 22 : 23-dibromide. Although the epoxide (V) was obtained, pyrolysis of 
this was accompanied by aromatisation of ring B. 

Our approach to the preparation of an 11-oxygenated steroid started from ergosteryl-D 
acetate [ergosta-7 : 9(11) : 22-trien-38-yl acetate] (VI), the simplest available derivative 
of ergosteryl acetate containing unsaturation involving C,,, and a side-chain ethylenic 
linkage. After a considerable portion of the work described in Parts I and II of this series 
had been completed, a number of preliminary announcements were made describing the 
conversion of 7: 9(11)-dienic steroids into 1l-oxygenated steroids (Chamberlin, Ruyle, 
Erickson, Chemerda, Aliminosa, Erickson, Sita, and Tishler, J. Amer. Chem. Soc., 1951, 73, 
2396; Fieser, Herz, and Huang, ibid., p. 2397; Stork, Romo, Rosenkranz, and Djerassi, 
tbid., p. 3546; Djerassi, Mancera, Stork, and Rosenkranz, ibid., p. 4496; Fieser, Babcock, 
Herz, Huang, and Schneider, tbid., p. 4053) and more recently a detailed paper on the same 
subject has appeared (Heusser, Eichenberger, Kurath, Dallenbach, and Jeger, Helv. Chim. 
Acta, 1951, 34, 2106). A preliminary note on some of the results described in this and the 
following paper has been published (Chem. and Ind., 1951, 1035). 
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The oxidation of ergosteryl-D acetate (VI), obtainable from 5-dihydroergostery] 
acetate (VII) by methods described in Part II, with chromium trioxide in acetic acid has 


CH, 
bu-cHo 


(VIII) 


—MA— = —CH—CH— R = —CH Me-CH:CH-CHMe-CHMe, 
Oc CO 
OY 

been examined under a variety of conditions. In all cases, 38-acetoxyergosta-8 : 22-dien-7- 
one (VIII; R’ = Ac) was obtained in poor yield. This «$-unsaturated ketone was first 
obtained as a minor product of the oxidation of 5-dihydroergosteryl acetate (VII) with 
chromium trioxide (Stavely and Bollenback, J. Amer. Chem. Soc., 1943, 65, 1290). In 
addition to 3$-acetoxyergosta-8 : 22-dien-7-one, oxidation of ergosteryl-D acetate with 
chromic anhydride gives, in very small yield, a compound Cy 9H,,0,, m. p. 127—128°, 
[x]p —32°, which was not obtained in sufficient amount to allow a detailed investigation. 

In view of the unpromising yields of the oxidation products described above, the 
oxidation of ergosteryl-D acetate with hydrogen peroxide in formic acid was investigated. 
With one mol. of performic acid, a compound, Cs5H,,gO,, was obtained in good yield. This 
compound gives a pale yellow colour with tetranitromethane from which it follows that it is 
formed by addition of oxygen to the conjugated system of ergosteryl-D acetate since the 
last compound, in common with many conjugated dienes, gives a dark-brown colour with 
tetranitromethane. In support of this decision it was found that the compound C,9H,,O, 
does not exhibit absorption of high intensity above 2200 A. The initial reaction product is 
unstable, simple crystallisation being accompanied by the appearance of selective light 
absorption with a maximum at 2540 A. Hydrolysis of the initial reaction product with 
either dilute alkali or mineral acid is accompanied by rearrangement to give 36-hydroxy- 
ergosta-8 : 22-dien-7-one (VIII; R’=H). If the formation of a 7 : 1l-oxide be excluded 
as sterically improbable, oxidation has occurred at either the 9: 11- or at the 7 : 8-ethylenic 
bonds of ergosteryl-D acetate to give either an epoxide [(IX) or (X)] or a ketone [(XI) or 
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(XII)]. The 9«:1l«-configuration is ascribed to (X) because of the well-established 
preferential rear attack by reagents at the 9- and the 11-position (see Fieser, Expertentia, 
1950, 6, 312). The ease with which the compound, Cy9H4,03, is rearranged to an a§- 
unsaturated ketone by alkali (and also by simple crystallisation) is in marked contrast to 
the stability of the known ergosteryl-D acetate epoxide. The last compound is obtained 
by the action of one mol. of perbenzoic acid on ergosteryl-D acetate (Chamberlin et al., 
loc. cit.) and it has been ascribed the structure 9«: 1la-epoxyergosta-7 : 22-dien-38-yl 
acetate (X) by Heusser et al. (loc. cit.) who prepared it by the action of monoperphthalic 
acid on ergosteryl-D acetate. In the preliminary communication from this laboratory 
(loc. cit.) the oxide was given the alternative structure 7é : 8€-epoxyergosta-9(11) : 22- 
dien-38-yl acetate (IX). Until a satisfactory proof of structure is available, we will describe 
this compound as ergosteryl-D acetate epoxide. We believe that the difference in re- 
activity between ergosteryl-D acetate epoxide and the compound Cy,59H,,0, shows that the 
latter is not an epoxide [(IX) or (X)], but rather a ketone [(X1) or (XII)]. That hydrolysis 
and rearrangement with alkali give 7-ketoergosta-8 : 22-dien-3$-ol excludes (XII), and it is 
concluded that the compound Cy9H,4,0, is 7-ketoergosta-9(11) : 22-dien-36-yl acetate (XI). 
These views are supported by the observation of Djerassi e¢ al. (loc. cit.) that treatment of 
the performic acid mother-liquors, obtained from the conversion of 20-ketoa/lopregna- 
7 : 9(11)-dien-38-yl acetate into 9« : 1la-epoxy-7 : 20-diketoa/lopregnan-38-yl acetate, with 
alkali gave 7: 20-diketoallopregn-8-en-38-ol presumably by rearrangement of the A®@)- 
7 : 8-oxide and/or the A®@)-7-ketone. Again, Fieser, Babcock, Herz, Huang, and Schneider 
(loc. cit.; cf. Fieser, Herz, and Huang, Joc. cit.) have shown that oxidation of methyl 
3a-acetoxychola-7 : 9(11)-dienoate with sodium dichromate dihydrate gives methyl 32- 
acetoxy-7-ketochol-9(11)-enate which, like the oxidation product from ergosteryl-D 


acetate, is readily isomerised by alkali to the corresponding A*-7-ketone. 


(XV) (XVI) 
(R = -CHMe-CH:CH-CHMe-CHMe,) 


Oxidation of ergosteryl-D acetate with two mols. of performic acid gave a compound, 
CygHgg04, Which does not show selective absorption of high intensity above 2200 A. Since 
the primary product of the performic acid oxidation of ergosteryl-D acetate has been shown 
to be (XI) the compound C,,)H,,0, is either 7 : 11-diketoergost-22-en-38-yl acetate (XIII) 
or 9a: 1la-epoxy-7-ketoergost-22-en-3$-yl acetate (XIV). The oxidation product is 
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however different from the 7: 11-diketone (XIII) (Chamberlin e¢ al. and Heusser ¢ ai., 
locc. cit.). It is therefore 9a: 1la-epoxy-7-ketoergost -22-en-3$-yl acetate (XIV). This 
compound can also be prepared from 7-ketoergosta-9(11) : 22-dien-38-yl acetate (XI) by 
protection of the 22 : 23-ethylenic linkage by the addition of one mol. of bromine, followed 
by oxidation with perbenzoic acid and debromination of the product with zinc. Relatively 
mild alkaline hydrolysis of 9a : 11a-epoxy-7-ketoergost-22-en-38-yl acetate gives a compound 
C,g,H,,0, shown to be 38 : 11a-dihydroxyergosta-8 : 22-dien-7-one (XV; R’ = H) by the 
reactions now to be discussed. The structure ascribed to the compound C,,H,,O, is 
supported by its formation from (XIV), by its ready conversion into a diacetate 
and by the ultra-violet absorption spectrum [maxima at 2520 A (ce = 9000)]. 
Treatment of the diacetate of the compound C,,H,,0, with strong aqueous-ethanolic 
potassium hydroxide followed by acetylation yielded a reaction mixture readily separable 
into two components by chromatography on alumina. One of these proved to be identical 
with 7 : 11-diketoergost-22-en-38-yl acetate (XIII), the identity being established by direct 
comparison with a specimen prepared as described by Heusser e¢ al. (loc. cit.). A similar 
isomerisation of 6-ketocholest-4-en-36-yl acetate into cholestane-3 : 6-dione was observed 
by Heilbron, Jones, and Spring (J., 1937, 801) and the conversion of 68 : 21-diacetoxypregn- 
4-ene-3 : 20-dione into 21-hydroxyallopregnane-3 : 6 : 20-trione by treatment with alkali 
has been reported by Herzig and Ehrenstein (J. Org. Chem., 1951, 16, 1050). The isolation 
of 7: 11-diketoergost-22-en-38-yl acetate shows that the compound C,,H,,O, is either 
38 : 11-dihydroxyergosta-8 : 22-dien-7-one (XV; R’ =H) or 36: 7-dihydroxyergosta- 
8 ; 22-dien-ll-one. If our identification of the performic oxidation product Cy9H,4,O, as 
9 : 1la-epoxy-7-ketoergost-22-en-38-yl acetate is correct, the latter possibility is excluded, 
and the compound C,,H,,O, must be 38 : 11-dihydroxyergosta-8 : 22-dien-7-one (XV; 
R =H). Concerning the orientation of the 11-hydroxyl group in 38 : 11-dihydroxyergosta- 
8 : 22-dien-7-one the ease of acetylation to a diacetate at first sight precludes the 118- 
configuration although this deduction may be invalidated by the effect of the 8 : 9-ethylenic 
linkage upon the accessibility of an 118-hydroxyl group. An argument based on analogy 
can be adduced in favour of the 1lla-configuration. Oxidation of 38 : 208-diacetoxy- 
allopregna-7 : 9(11)-diene with performic acid gives 38 : 208-diacetoxy-9« : 1la-epoxy- 
allopregnan-7-one, alkaline hydrolysis of which yields 38 : 1l« : 208-trihydroxypregn-8-en- 
7-one which gives a triacetate. Catalytic hydrogenation of 38 : 1l« : 208-trihydroxypregn- 
8-en-7-one gives 38 : lla : 208-trihydroxypregnan-7-one which forms a triacetate (Stork 
et al., loc. cit.; cf. Djerassi et al., loc. cit.). Whilst it can be reasoned that the conversion of 
a 3:11: 20-trihydroxypregn-8-en-7-one into a triacetate does not prove that the 
11-hydroxyl group has the «-configuration, since a neighbouring-group effect upon an 
118-hydroxyl group may be shown by an 8: 9-unsaturated centre (cf. Heymann and 
Fieser, J. Amer. Chem. Soc., 1951, 78, 5252), triacetylation of the saturated 3: 11 : 20- 
trihydroxypregnan-7-one proves the «-configuration for the 11-hydroxyl group in these 
compounds. Consequently, the 1l-hydroxyl group in 38: 11-dihydroxyergosta-8 : 22- 
dien-7-one, obtained in an analogous manner from ergosteryl-D acetate, is assigned the 
«-configuration. 

7 : 11-Diketoergost-22-en-38-yl acetate is accompanied by a second reaction product, 
C,.H;.0;. This compound gives a faint yellow colour with tetranitromethane, does not 
show high-intensity selective absorption above 2200 A., and contains an ethoxyl group; 
a discussion of the nature of this compound is deferred until further data are available. 
Treatment of 38-acetoxy-9« : 1la-epoxyergost-22-en-7-one with concentrated aqueous- 
ethanolic potassium hydroxide solution followed by acetylation of the reaction product 
also gives a mixture of 7: 11-diketoergost-22-en-38-yl acetate (XIII) and the ethoxy- 
compound C,,H;,0;. 

Parallel with the chromium trioxide and performic acid oxidation experiments described 
above a study was made of the oxidation of ergosteryl-D acetate with perbenzoic acid. 
We have been anticipated in a description of a monoxide of ergosteryl-D acetate which is 
obtained by the action of one mol. of perbenzoic acid (Chamberlin e¢ al., and Heusser e¢ al., 
locc. cit.). Ergosteryl-D acetate epoxide is smoothly hydrolysed with alkali to the corre- 
sponding ergosterol-D epoxide, which was also obtained in an attempt to reduce ergosteryl-D 
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acetate epoxide with lithium aluminium hydride. With two mols. of perbenzoic acid we 
have not succeeded in isolating a homogeneous reaction product, apart from asmall amount of 
ergosteryl-D acetate monoxide. In an attempt to correlate ergosteryl-D acetate monoxide 
with 38-acetoxy-9« : 1la«-epoxyergost-22-en-7-one, a solution of the former was treated with 
one mol. of bromine and then with an excess of perbenzoic acid. Debromination of the reaction 
mixture gave 3$-acetoxyergosta-8 : 22-dien-7-one and, in low yield, a crystalline com- 
pound C3 9H,,0,;, identified as 3$-acetoxy-98 : 1la-dihydroxyergost-22-en-7-one (XVI; 
R = H) by the reactions described below. The compound does not exhibit selective high- 
intensity ultra-violet absorption above 2200 A. It is acetylated under normal conditions 
to 38: 1la-diacetoxy-9$-hydroxyergost-22-en-7-one (XVI; R= Ac). Treatment of this 
acetyl derivative with dilute potassium hydroxide solution followed by acetylation gives 
38 : 1la-diacetoxyergosta-8 : 22-dien-7-one (XV; R = Ac) identical with the compound 
obtained as described above. The two hydroxyl groups in 38-acetoxy-98 : 11a-dihydroxy- 
ergost-22-en-7-one are considered to be trams-orientated with respect to each other, since 
they almost certainly originate by a hydrolytic cleavage of a 9a: 11a-oxide intermediate. 
The infra-red absorption spectrum of 38-acetoxy-98 : 11a-dihydroxyergost-22-en-7-one, for 
which we are indebted to Dr. I. A. Brownlie, shows bands at 1732 (38-acetate group), 1710 
(7-ketone group) and at 3400 cm. (hydroxyl groups). 


EXPERIMENTAL 


Specific rotations were determined in chloroform solution in a I-dm. tube at approx. 15’. 
Ultra-violet absorption spectra were measured in ethanol solution with a Unicam SP. 500 
spectrophotometer. 

38-A cetoxyergosta-8 : 22-dien-7-one (VIII; R’ = Ac).—(a) Ergosteryl-D acetate (2-19 g.) 
in stabilised glacial acetic acid (200 c.c.) was treated dropwise, during 45 minutes at 95° with 
stirring, with a solution of chromium trioxide in 95% acetic acid (20 c.c.; 1-044Nn). After 
a further hour’s stirring the reaction mixture was evaporated to small bulk under reduced 
pressure, diluted with water, and extracted with ether. The ethereal extract was washed 
successively with water, potassium hydroxide solution (5%), and water, and dried (Na,SQ,). 
Removal of the ether gave a yellow semicrystalline solid which on trituration with warm 
methanol (100 c.c.) yielded a pale yellow solid (800 mg.), m. p. 173—176°, which gave a brown 
colour with tetranitromethane in chloroform. One crystallisation from chloroform—methanol 
gave ergosteryl-D acetate as blades, m. p. 175—176°, alone or mixed with an authentic specimen. 
From the methanolic mother-liquor a yellow solid (310 mg.), m. p. 152—162°, was obtained 
which gave a yellow colour with tetranitromethane in chloroform. Recrystallisation of this 
solid from methanol (10 c.c.) yielded plates (110 mg.), m. p. 168—170°, a solution of which in 
light petroleum (b. p. 60—80°) was chromatographed on a column (12 x 1-5 cm.) of alumina 
(Grade II). After washing of the column with light petroleum (b. p. 40—60°) and light petroleum 
(b. p. 40—60°)—benzene (4:1), elution with light petroleum (b. p. 40—60°)—benzene (2:1; 
50 c.c.) gave ergosteryl-D acetate (15 mg.), m. p. 165—170°. Elution with light petroleum 
(b. p. 40—60°)—benzene (2:1; 50 c.c.) and then with light petroleum—benzene (1:1; 50 c.c.) 
gave a solid (50 mg.) from which, after one crystallisation from methanol, 38-acetoxyergosta- 
8 : 22-dien-7-one was obtained as plates, which after sublimation at 160—170°/5 x 104 mm. 
had m. p. 203°, undepressed when mixed with the specimen described below, and [«]p —51° 
(c, 1-2) (Found : C, 79-4; H, 10-5. Calc. for C,,H,,O, : C, 79-2; H,10-2%). Light absorption : 
Max. at 2520 A (c = 10,000). 

Alkaline hydrolysis of the acetate gave 33-hydroxyergosta-8 : 22-dien-7-one which separated 
from methanol as plates, m. p. 175—177° undepressed by the specimen described below, [x], —42° 
(c, 0-8) (Found: C, 78-0; H, 11-1. C,,H,4sO,,CH,°OH requires C, 78-3; H, 10-9%). Light 
absorption : Max. at 2520 A (c = 11,100). 

A further quantity (42 mg.) of 38-acetoxyergosta-8 : 22-dien-7-one was obtained by elution 
of the column with light petroleum (b. p. 40—60°)—benzene (1:1; 220c.c.). 

(b) A solution of ergosteryl-D acetate (2-19 g.) in warm stabilised acetic acid (220 c.c.) was 
rapidly chilled with stirring. A solution of chromium trioxide in acetic acid (20 c.c.; 1-044N) 
was added dropwise during 4 hours at 15° to the stirred suspension. Stirring was continued for 
14 hours whereafter solution was complete. After the addition of more chromium trioxide in 
acetic acid (10c.c.; 1-044N) during 20 minutes, the solution was kept at room temperature for 
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60 hours. Methanol (2 c.c.) was added and the acetic acid removed under reduced pressure. 
The neutral fraction isolated in the usual manner formed a light brown resin which solidified on 
trituration with methanol. The solid (610 mg.), m. p. 154—166°, gave a pale yellow colour with 
tetranitromethane in chloroform and showed light absorption maxima at 2640 and 2520 A. 
The solid (600 mg.) in light petroleum (b. p. 40—60°)—benzene (10 c.c.; 4:1) was chromato- 
graphed on a column of alumina (Grade II]; 10 x 2 cm.). Washing with the same solvent 
mixture (500 c.c.) was followed by elution with light petroleum (b. p. 40—60°)—benzene (500 c.c. ; 
2:1), to give a yellow solid (205 mg.). Slow evaporation of a methanol solution of this solid 
gave a mixture of long yellow needles and short colourless needles which were separated 
mechanically. Sublimation of the yellow needles (8-2 mg.) in a high vacuum gave a compound 
(5:1 mg.), m. p. 125—127°, [a]) —32° (c, 0-9) (Found: C, 76:3; H, 10-1. C,,.H,,O, requires 
C, 76-9; H, 95%). Light absorption: Max. at 2650 A (e = 4700). Elution of the column 
with light petroleum (b. p. 40—60°)—benzene (700 c.c.; 2:1) yielded a solid (360 mg.), m. p. 
190—192°, which on crystallisation from methanol gave 38-acetoxyergosta-8 : 22-dien-7-one. 

(c) A solution of ergosteryl-D acetate (2-19 g.) in benzene (20 c.c.) and stabilised acetic acid 
(150 c.c.) was kept at 50° and treated with a solution of chromium trioxide in glacial acetic acid 
(31 c.c.; 1-044 N) added during 1 hour with stirring. After 1 hour’s stirring at 50° the mixture 
was concentrated under reduced pressure to 20 c.c. and diluted with water. The precipitated 
solid was isolated by means of ether. The neutral fraction (0-63 g.) was twice crystallised from 
methanol and then chromatographed in light petroleum (b. p. 40—60°)—benzene (5: 1) on a 
column of activated alumina (Grade II), to give 38-acetoxyergosta-8 : 22-dien-7-one which after 
crystallisation from methanol separated as plates, m. p. 208—211°, [x], —56° (c, 0-5) (Found : 
C, 79-4; H, 10-5. Calc. for C3,H,,0,: C, 79-2; H, 10-2%); it gives a light yellow colour with 
tetranitromethane in chloroform. Light absorption: Max. at 2540 A (ec = 10,100). 

A second crop (0-36 g.) from the methanol mother-liquors was chromatographed on alumina. 
A fraction, eluted by light petroleum (b. p. 40—60°)—benzene (3:1), was crystallised from 
methanol, to give the compound C,,H,,O, (50 mg.), as needles, [«}],, —30° (c, 0-9), m. p. 127— 
128-5° undepressed on admixture with the specimen described above. Elution of the chromato- 
gram with light petroleum (b. p. 40—60°)—benzene (1:1) gave 3$-acetoxyergosta-8 : 22-dien- 
7-one (180 mg.). 

(d) Ergosteryl-D acetate (2-19 g.) suspended in acetic acid (200 c.c.) was stirred at 15° and 
treated dropwise during 1 hour with a solution of chromium trioxide in acetic acid (30 c.c.; 
1-044N) containing sulphuric acid (2-5 c.c.; d 1-84). After a second hour's stirring the reaction 
mixture was treated as described under (c). Four crystallisations of the neutral fraction (0-7 g.) 
from methanol followed by chromatography on alumina gave 3$-acetoxyergosta-8 : 22-dien-7- 
one as plates, m. p. 208—210° (from methanol), [a], —53° (c, 1-1). Light absorption: Max. at 
2540 A (c = 10,100). The methanolic mother-liquors were combined and evaporated and the 
residue (1 g.) was chromatographed on alumina, to give the compound C,,H,,O, (35 mg.), 
[a] —29° (c, 0-4). Light absorption: Max. at 2650 A (c = 4300). The m. p. (123—125°) was 
undepressed when the substance was mixed with the specimen described above. Later fractions 
from the chromatogram gave 3$-acetoxyergosta-8 : 22-dien-7-one (130 mg.). 

38-A cetoxyergosta-9(11) : 22-dien-7-one (XI).—A mixture of ergosteryl-D acetate (2-2 g.) 
in benzene (20 c.c.), formic acid (20 c.c.; 90%), and hydrogen peroxide (0-65 c.c.; 30%) was 
stirred for 20 hours at 15°. The reaction mixture was evaporated under reduced pressure 
below 50° (bath-temp.) and the residue crystallised from methanol, to give 38-acetoxyergosta- 
9(11) : 22-dien-7-one (930 mg.) as needles, m. p. 194—197°, [a], + 20° (c, 0-5) (Found: C, 78-8; 
H, 10-2. C3 9H,,O, requires C, 79-2; H, 10-2%); it gives a pale yellow colour with tetranitro- 
methane in chloroform and does not show selective absorption of high intensity above 2200 A. 
Repeated crystallisation from methanol did not appreciably alter the m. p. but caused the 
appearance of high-intensity absorption at 2540 A. 

38-Hydroxyergosta-8 : 22-dien-7-one (VIII; R’ = H).—(a) 3f-Acetoxyergosta-9(11) : 22- 
dien-7-one (250 mg.) was heated under reflux with aqueous methanolic potassium hydroxide 
(15c.c.; 3%) for 2hours. Isolation of the product by means of ether, followed by crystallisation 
from methanol, gave 38-hydroxyergosta-8 : 22-dien-7-one (150 mg.) as plates, m. p. 176—178° 
(alone or mixed with the specimen described above), [a], —43° (c 1-3). Light absorption: Max. 
at 2540A (ce = 10,000) (Found: C, 77-9; H, 10-8. Calc. for C,,H,,O,,CH,*OH : C, 78-3; H, 10-9%). 

(b) 38-Acetoxyergosta-9(11) : 22-dien-7-one was heated under reflux for 2 hours with 1% 
aqueous methanolic hydrogen chloride. The product isolated in the usual manner gave 
36-hydroxyergosta-8 : 22-dien-7-one as plates (from methanol), m. p. 180—182°, [a], —44° 
(c, 0-7) (Found : C, 77-9; H, 10-8%). 

8z 
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38-Acetoxy-9x : Lla-epoxyergost-22-en-7T-one (XIV).—(a) Ergosteryl-D acetate (2-2 g.) in 
benzene (20 c.c.) was stirred with a mixture of formic acid (20c.c.; 90%) and hydrogen peroxide 
(1-2 c.c.; 30%) for 20 hours at 15°. The reaction mixture was evaporated under reduced 
pressure below 50°. Crystallisation of the residue from methanol gave 3§-acetoxy-9« : lla- 
epoxyergost-22-en-7-one (360 mg.) as needles (which formed slowly from an initial gel), m. p. 
220—223°, [a], —85° (c, 0-5) (Found: C, 76-2; H, 9-8. C3, ,H,,O, requires C, 76-55; H, 9-85%). 
The compound gives a pale yellow colour with tetranitromethane in chloroform and does not 
exhibit high-intensity absorption above 2200 A. 

(6) 36-Acetoxyergosta-9(11) : 22-dien-7-one (500 mg.) in dry chloroform (25 c.c.) was 
treated during 14 hours with stirring at 0° with a solution of bromine (183 mg.) in chloroform 
(4 c.c.). A solution of perbenzoic acid (1-5 mol.) in chloroform (4-5 c.c.) was added and the 
whole kept at 0° for 3 days. The chloroform was removed under reduced pressure below 35° 
and the residue debrominated by heating it with zinc dust (7 g.) in acetic acid (30 c.c.) on the 
steam-bath for 6 hours. A solution of the product, isolated by means of ether, in benzene 
(ca. 20 c.c.) was chromatographed on a column of Grade II alumina (7-5 x 1 cm.), which was 
washed with benzene (75 c.c.). Removal of the solvent gave 38-acetoxy-9x :1la-epoxyergost- 
22-en-7-one (130 mg.), separating from methanol as needles, m. p. 222—223° (alone or mixed with 
the specimen described above), [«],, —79° (c, 0-8) (Found : C, 76-55; H, 9-9%). The compound 
showed the characteristic gelation described above. 

38 : Lla-Diacetoxyergosta-8 : 22-dien-7-one (XV; R’ = Ac).—38-Acetoxy-9« : 1la-epoxyer- 
gost-22-en-7-one (95 mg.) was heated under reflux for 1 hour in aqueous methanolic potassium 
hydroxide (6 c.c.; 3%). The product was isolated by means of ether and crystallised from 
acetone, to give 38 : lla-dihydroxyergosta-8 : 22-dien-7-one (60 mg.) as needles, m. p. 215°, [a]p 
— 6° (c, 1-5, 1-1) (Found: C, 78-45; H, 10-35. (C,,H,,O, requires C, 78-75; H, 10-7%). The 
compound gives a faint yellow colour with tetranitromethane in chloroform. Light absorption : 
Max. at 2540 A (c = 8100). 

This product (50 mg.) was heated on the steam-bath with acetic anhydride (1 c.c.) and 
pyridine (1 c.c.) for 1 hour. Isolation by means of ether gave 38 : 1la-diacetoxyergosta-8 : 22- 
dien-7-one (XV; R = Ac) (35 mg.) which separated from methanol as flat needles, m. p. 175— 
177°, [a]p +13° (c, 0-5) (Found: C, 74:8; H, 9-7. C,,H,,0O, requires C, 75-0; H, 94%). It 
gives a light yellow colour with chloroformic tetranitromethane and exhibits a light absorption 
maximum at 2520 A (ec = 10,400). 

Ergosteryl-D Acetate Epoxide.—Ergosteryl-D acetate (9-0 g.) in chloroform (35 c.c.) was 
treated with perbenzoic acid (1-36 mols.) in chloroform (110 c.c.) added with stirring during 
3—4 hours. The mixture was kept at 0° for 12 hours. The solid residue, obtained by removal 
of the solvent at room temperature under reduced pressure, was dissolved in the minimum 
volume of boiling acetone. On cooling, the solution deposited ergosteryl-D acetate epoxide as 
hexagonal plates (3-9 g.), m. p. 205—207°, which after two recrystallisations from the same 
solvent had m. p. 211—213°, [«]) —38° (c, 2-2) (Found: C, 79-5; H, 10-3. Calc. for Cy9H,,O; : 
C, 79-2; H, 10-2%). It givesa yellow colour with tetranitromethane in chloroform and does not 
show selective absorption of high intensity above 2200 A. Chamberlin ef al. (loc. cit.) report 
m. p. 202—205°, [a], —35°, Heusser et al. (loc. cit.) report m. p. 205—207°, [a]p —39-5°. 

Ergosterol-D Epoxide.—(a) Ergosteryl-D acetate epoxide (400 mg.) was heated under reflux 
with aqueous methanolic potassium hydroxide (50 c.c.; 2%) and methanol (10 c.c.) for 2 hours. 
The solid (330 mg.) which separated on cooling was washed with water and twice crystallised 
from methanol, to give ergosterol-D epoxide as flat needles, m. p. 187—189°; [a]) —41° (c, 1-3) 
(Found: C, 78-5; H, 10-8. C,,H,,0O,,CH,°OH requires C, 78-3; H, 10-9%). 

Acetylation of ergosterol-D epoxide (105 mg.) was effected by heating on the steam-bath for 
1 hour with acetic anhydride (2 c.c.) and pyridine (l1c.c.)._ The solid which separated on dilution 
with water was twice crystallised from acetone, to give ergosteryl-D acetate epoxide as laminz, 
m. p. 210—212° alone or mixed with an authentic specimen ; [a], —35° (c, 1-0) (Found: C, 79-3; 
H, 10-3. Calc. for C,,H,,O,: C, 79-2; H, 10-2%). 

(b) Ergosteryl-D acetate epoxide (500 mg.) in absolute tetrahydrofuran (15 c.c.) was added 
dropwise during 15 minutes to a vigorously stirred, refluxing solution of lithium aluminium 
hydride (1-0 g.) in tetrahydrofuran (100 c.c.). The mixture was refluxed for 3 hours, stored 
overnight at room temperature, diluted with ether, and neutralised by the addition of 10% 
sulphuric acid. The ethereal phase was washed successively with water, sodium hydrogen 
carbonate solution, and water, and dried (Na,SO,). Removal of the ether gave a solid which 
after two recrystallisations from methanol gave ergosterol-D epoxide, m. p. 182—185° alone or 
mixecl with the specimen described above. 





[1952 Steroids. Part I. 2899 


38-Hydroxyergosta-8 : 22-dien-7-one (VIII; R’ = H).—Ergosteryl-D acetate epoxide (150 
mg.) was refluxed in aqueous methanolic hydrogen chloride (10 c.c.; 0-7%) for 2 hours. The 
solution was concentrated and the solid (85 mg.) which separated on cooling crystallised thrice 
from methanol, to give 36-hydroxyergosta-8 : 22-dien-7-one as plates, m. p. 173—175° (unde- 
pressed with the specimen described above), [a], —45° (c, 0-5) (Found: C, 78-5; H, 11-1. 
Calc. for C,,H,,O,,CH,OH: C, 783; H, 10-9%). Light absorption: Max. at 2540A (e = 
10,700). The alcohol gives a yellow colour with tetranitromethane in chloroform. Acetylation 
of the alcohol with pyridine and acetic anhydride gave 3$-acetoxyergosta-8 : 22-dien-7-one 
which separated from methanol as plates, m. p. 208—210°, [a], —55° (c, 1-1) (Found: C, 79-0; 
H, 10-3. Calc. for CygH,sO,: C, 79-2; H, 102%). Light absorption: Max. at 2540A 
(ce = 10,000). 

38-Acetoxy-98 : lla-dihydroxyergost-22-en-7-one (XVI; R’ = H).—(a) Ergosteryl-D acetate 
epoxide (1-0 g.) in dry chloroform (10 c.c.) was treated dropwise during 15 minutes at 0° with a 
solution of bromine (1 mol.) in chloroform (5 c.c.) with stirring. A solution of perbenzoic acid 
(1-5 mols.) in chloroform (20 c.c.) was then added during 1 hour at —5° and the mixture kept for 
2 days at 0°. The mixture was evaporated to dryness under reduced pressure at room tem- 
perature, and the residue dissolved in glacial acetic acid (25 c.c.) and treated with zinc dust (10 g.) 
added in portions during 5 hours with stirring on the steam bath. The debrominated product was 
isolated by means of ether; it formed a crystalline solid which was recrystallised from acetone, 
to give 38-acetoxyergosta-8 : 22-dien-7-one (250 mg.) as plates, m. p. 198—205° undepressed 
on admixture with an authentic specimen. The acetone mother-liquors were evaporated anda 
solution of the residue (0-80 g.) in ethanol (20 c.c.) treated with glacial acetic acid (0-5 c.c.) and 
Girard’s reagent T (0-5 g.). The mixture was refluxed for 90 minutes, cooled, and diluted with 
water (20 c.c.) containing crushed ice, and the pH was adjusted to 5-5—6 by sodium carbonate 
solution. The mixture was extracted with ether (2 x 20 c.c.) (extract A). The pH of the 
aqueous layer was adjusted to 2—3 by hydrochloric acid, the mixture extracted with ether 
(2 x 20 c.c.), and the extract washed with 5% sodium carbonate solution and then water, and 
dried (Na,SO,). Removal of the ether gave a solid (80 mg.) which after three crystallisations 
from methanol gave 38-acetoxy-98 : lla-dihydroxyergost-22-en-7-one as rectangular plates, 
m. p. 260—262°, [a], —66° (c, 1-3) (Found: C, 74-0; H, 10-0. C,,H,,O, requires C, 73-7; 
H, 9-9%). The compound gives a pale yellow colour with tetranitromethane and does not show 
high-intensity absorption above 2200 A. Evaporation of extract A followed by crystallisation 
from methanol gave 38-acetoxyergosta-8 : 22-dien-7-one (200 mg.). 

(b) Oxidation of ergosteryl-D acetate epoxide (1 g.) was effected as described above, with 
the difference that the reaction time with perbenzoic acid was 7 days. The debrominated 
product was crystallised once from acetone, to give plates, m. p. 190—210°. This solid (160 mg.) 
in benzene (25 c.c.) was chromatographed on a column of Grade II alumina (12 x 1-5 cm.), 
and the column washed with benzene (500 c.c.) which gave 36-acetoxyergosta-8 : 22-dien-7-one 
(26 mg.) as plates, m: p. 203—207°, from methanol. Light absorption: Max. at 2540 A (e = 
9100). Further elution of the column with benzene containing 1% of methanol (160c.c.) gave 
a solid (105 mg.) which after three crystallisations from methanol gave 36-acetoxy-96 : 1la- 
dihydroxyergost-22-en-7-one as rectangular plates, m. p. 261—263° (undepressed by the specimen 
described above), [«]p) —69° (c, 1-1) (Found: C, 73-5; H, 9-95%). The compound does not show 
high-intensity absorption above 2200 A and gives a light yellow colour with tetranitromethane 
in chloroform. 

The acetone mother-liquor was evaporated and chromatographed as above, to give 36-acetoxy- 
ergosta-8 : 22-dien-7-one (60 mg.) together with 38-acetoxy-98 : 1la-dihydroxyergost-22-en- 
7-one which separated from methanol as plates (40 mg.), m. p. 257—260° alone or mixed with the 
specimen described above ; it does not show selective absorption of high intensity in the ultra- 
violet region of the spectrum. 

(c) Ergosteryl-D acetate epoxide (1 g.) was oxidised with perbenzoic acid as described in (a) 
and the solution kept at 0° for 3 weeks. The reaction mixture was debrominated by zinc and 
acetic acid, and the product directly crystallised from acetone, to give 3$-acetoxy-98 : 1la- 
dihydroxyergost-22-en-7-one (130 mg.) as plates, m. p. 257° undepressed on admixture with the 
specimen described above. Chromatography of the mother-liquors gave a further 45 mg. of 
this compound. 

38 : 1la-Diacetoxy-96-hydroxyergost-22-en-7-one (XVI; R’ = Ac).—A solution of 36-acetoxy- 
98 : 1la-dihydroxyergost-22-en-7-one (130 mg.) in pyridine (5 c.c.) and acetic anhydride (5 c.c.) 
was kept at room temperature overnight. Isolation of the product by means of ether, followed 
by two crystallisations from light petroleum (b. p. 60—80°) and two from methanol, gave the 
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diacetate as needles, m. p. 197—198°, [a], —44° (c, 1-0) (Found: C, 72-1; H, 9-6. C,,H;.0, 
requires C, 72-4; H, 95%). This gives a pale yellow colour with tetranitromethane in chloro- 
form and does not show high-intensity absorption above 2200 A. 

38 : Lla-Diacetoxyergosta-8 : 22-dien-7-one (XV; R’ = Ac).—3§ : 11«-Diacetoxy-9$-hydroxy- 
ergost-22-en-7-one (100 mg.) was heated under reflux with aqueous methanolic potassium 
hydroxide (7 c.c.; 5%) for 8 hours. The solution was concentrated, and the reaction product 
isolated by means of ether. A solution of this solid in pyridine (1 c.c.) and acetic anhydride (2 c.c.) 
was heated on the steam-bath for 2 hours. Isolation by means of ether gave a solid (60 mg.) 
which after crystallisation from methanol gave 38 : 1l«-diacetoxyergosta-8 : 22-dien-7-one as 
hard, flat needles, [a], +14° (c, 0-6), m. p. 175—177° alone or mixed with the preparation 
described above (Found: C, 75-0; H, 9°55. Calc. for C,,H,,0,: C, 75-0; H, 9-4%). Light 
absorption: Max. at 2520A (e = 10,400). The compound gives a faint yellow colour with 
tetranitromethane in chloroform. 38: 1la-Diacetoxyergosta-8 : 22-dien-7-one was also 
obtained as flat needles, [x], + 14° (c, 0-6), m. p. 174—176° undepressed by the specimen described 
above, by treatment of 38-acetoxy-98 : 1l1«-dihydroxyergost-22-en-7-one with alkali followed 
by acetylation of the product. 

7: 11-Diketoergost-22-en-38-yl Acetate (XIII).—(a) To a solution of 38-acetoxy-9« : ll«- 
epoxyergost-22-en-7-one (0-60 g.; m. p. 208—213°) in ethanol (65 c.c.) was added potassium 
hydroxide (10-0 g.) in water (15 c.c.), and the mixture was heated under reflux for 16 hours. 
The product was isolated by means of ether, dried by evaporation of its solution in benzene, and 
acetylated on the steam bath with pyridine (10 c.c.) and acetic anhydride (10 c.c.) for 1 hour. 
Isolation of the product by ether gave an orange-brown gum, a solution of which in benzene 
(40 c.c.) was adsorbed on a column (10 x 2 cm.) of Grade II alumina; the column was washed 
with benzene. Evaporation of the benzene filtrate (80 c.c.) gave a solid (180 mg.) which crystal- 
lised from methanol. Two recrystallisations from the same solvent gave the compound, 
C3,H,,O0,, as fine needles, m. p. 176—177°, [x], —15° (c, 0-7) (Found: C, 74:4; H, 10-0; OEt, 
9-5. Cj,H;,0, requires C, 74-4; H, 10-1; OEt, 8-7%). The compound gives a faint yellow 
colour with tetranitromethane in chloroform and does not show high-intensity light absorption 
above 2200 A. Evaporation of the second benzene filtrate (50 c.c.) gave a pale yellow solid 
(120 mg.), crystallisation of which from methanol gave a solid (40 mg.). Crystallisation from 
methanol gave the compound C,,H;,0, as needles, m. p. 174—176° undepressed when mixed 
with the specimen described above. Evaporation of a third benzene filtrate (110 c.c.) gave a 
gummy solid (15 mg.) which was not further examined. The fourth benzene fraction (280 c.c.) 
gave a solid (45 mg.) which on crystallisation from methanol gave 7: 11-diketoergost-22-en- 
38-yl acetate as clusters of needles, m. p. 196—198°, [x], —28° (c, 0-9) (Found: C, 76-5; H, 10-1. 
Calc. for C,,H,,0,: C, 76°55; H, 9-85%). The diketone does not show high-intensity light 
absorption above 2200 A. A mixture witha specimen {m. p. 197—199°, [a]p —31°; prepared as 
described by Heusser et al. (loc. cit.) who record m. p. 195—196°, [a]p —27°} had m. p. 196— 
199°. Chamberlin e¢ al. (loc. cit.) give m. p. 197—200°, [x], —30°, for this acetate. 

(b) (With R. C. ANnpeErson.] A solution of 38: 1la-diacetoxyergosta-8 : 22-dien-7-one 
(140 mg.) in ethanol 66 c.c.) was treated with 50% aqueous potassium hydroxide (24 c.c.), 
and the mixture refluxed for 14 hours. The product isolated by means of ether and dried by 
evaporation of its solution in benzene was acetylated with pyridine and acetic anhydride. The 
acetylated product was isolated by means of ether and its solution in benzene (25 c.c.) was 
chromatographed on Grade II—III alumina (8 x 1-25cm.), and the column washed with benzene. 
Evaporation of the first fraction (270 c.c.) gave a crystalline solid (20 mg.), m. p. 155—170°. 
The next fraction (200 c.c.) yielded a solid (15 mg.) which after two crystallisations from methanol 
gave 7: 11-diketoergost-22-en-38-yl acetate as small prismatic needles, m. p. 196—198°, [«]p 
— 25° (c, 0-5) (Found: C, 76:4; H, 9-9. Calc. for C,,H,,O,: C, 76-5; H, 985%). The com- 
pound did not show high-intensity absorption above 2200 A. It was undepressed in m. p. 
when mixed with an authentic specimen. 


Weare glad to acknowledge with thanks the considerable assistance of Messrs. R. C. Anderson, 
B.Sc., Francis Johnson, B.Sc., Duncan McLean, B.Sc., and B. H. Thickett with certain parts of 
the experimental work. The microanalyses were by Dr. A.C. Syme and Mr. Wm. McCorkindale, 
and the ultra-violet absorption spectra were measured by Miss Norma Caramando and Miss 
Elizabeth Davidson. 
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Steroids. Part II.* 22: 23-Dibromoergosta-7 : 9(11)-dien-38-yl 
Acetate (Ergosteryl-D Acetate 22 : 23-Dibromide). 
By R. C. ANDERSON, ROBERT STEVENSON, and F. S. SPRING. 


Treatment of 5-dihydroergosteryl acetate with bromine yields a tetra- 
bromoergostenyl acetate, partial debromination of which by sodium iodide 
gives 22 : 23-dibromoergosta-7 : 9(11)-dien-38-yl acetate (ergosteryl-D acetate 
22 : 23-dibromide) (I; R= Ac). Debromination of ergosteryl-D acetate 
22 : 23-dibromide with zinc dust gives ergosteryl-D acetate. Treatment of 
5-dihydroergosteryl acetate with bromine, followed by debromination of the 
reaction mixture (without isolation of intermediates) gives ergosteryl-D 
acetate in excellent yield. Treatment of 5-dihydroergosteryl acetate with 
chlorine gives a mixture of two tetrachloroergostenyl acetates. Treatment 
of tetrachloroergostenyl acetate I with sodium iodide yields 22 : 23-dichloro- 
ergosta-7 : 9(11)-dien-38-yl acetate. Oxidation of 22: 23-dibromoergosta- 
7 : 9(11)-dien-38-yl acetate with hydrogen peroxide in acetic acid gives 38- 
acetoxy-22 : 23-dibromo-9« : 1la-epoxyergostan-7-one (II), debromination of 
which yields 38-acetoxy-9« : 1la-epoxyergost-22-en-7-one (III) characterised 
by its conversion by relatively mild alkaline hydrolysis followed by acetylation 
into 38 : 1la-diacetoxyergosta-8 : 22-dien-7-one (IV). 


THE conversion of ergosteryl-D acetate into 11-hydroxy-steroids which, it is hoped, will 
serve as intermediates in a projected partial synthesis of cortisone from ergosterol, has 
been described in the preceding paper. At an early stage in this investigation, the efficiency 
of the methods available for the preparation of ergosteryl-D acetate became of importance. 
In the most practicable recorded method 5-dihydroergosteryl acetate is oxidised with 
mercuric acetate (Windaus and Auhagen, Amnalen, 1929, 472, 185; Heilbron, Johnstone, 
and Spring, J., 1929, 2248). The most efficient method for the preparation of the dihydro- 
acetate appeared to be the partial hydrogenation of ergosteryl esters (Heilbron and Sexton, 
J., 1929, 921; Wieland and Benend, Annalen, 1943, 554, 1; Barton and Cox, J., 1948, 
1354); using a platinum catalyst and chloroform as solvent, the last-named authors 
obtained a 30—35% yield, which we have improved to 92—95°, by partially reducing 
ergosteryl acetate over Raney nickelin benzene. It has recently been reported by Heusser, 
Eichenberger, Kurath, Dallenbach, and Jeger (Helv. Chim. Acta, 1951, 34, 2123, footnote) 
that Panizzon and Kagi have obtained a similar yield in ether over Rupe nickel. Although 
we improved the yield obtained in the oxidation of 5-dihydroergosteryl acetate to 
ergosteryl-D acetate by mercuric acetate, the method is still far from satisfactory : 
a crude reaction product is isolable in fair yield but its purification to constant optical 
rotation proved extremely wasteful, the yield of product with [«]p <-+28° not 
exceeding 30%. 

In a search for alternative methods for the preparation of ergosteryl-D acetate, a study 
of the action of bromine on 5-dihydroergosteryl acetate was commenced since, according 
to Eck and Hollingsworth (J. Amer. Chem. Soc., 1942, 64, 140) oxidation of cholest-7-ene 
in chloroform with bromine at —75° gives cholesta-7 : 9(11)-diene. Treatment of 5-di- 
hydroergosteryl acetate in ether at —60° with bromine gives in good yield (48—53%) a 
tetrabromoergostenyl acetate which separates from the reaction mixture. This tetra- 
bromide, which can also be obtained directly from ergosteryl-D acetate, is moderately 
stable in the solid state, as are solutions of the compound in dioxan and benzene. How- 
ever, its solutions in alcohol and particularly in chloroform suffer profound decomposition 
after a short time at room temperature. Sodium iodide effects partial debromination, to 
22 : 23-dibromoergosta-7 : 9(11)-dien-38-yl acetate (ergosteryl-D acetate 22 : 23-dibromide) 
(I; R= Ac), the structure of which was established, first, by its conversion into ergo- 
steryl-D acetate by zinc dust and, secondly, by its ultra-violet absorption spectrum (see 
Figure) which is identical in location with that of ergosteryl-D acetate. In contrast to 
tetrabromoergostenyl acetate, 22 : 23-dibromoergosta-7 : 9(11)-dien-36-yl acetate is very 


* Part I, preceding paper. 











2902 Anderson, Stevenson, and Spring : 


stable and can be hydrolysed by means of alkali to 22 : 23-dibromoergosta-7 : 9(11)-dien- 
36-ol (I; R = H). 
Ergosteryl-D Acetate. 
eat 2420 A 


Method of prepn. M. p. [a]p in EtOH 
Bromine (this paper) 178—180° +32°, +33° 19,000 
Mercuric acetate (this paper) 176 +30 17,000 
Perbenzoic acid (Windaus and Littringhaus, Annalen, 1930, 
481, 119) 171 +25-7 —_ 
169—170 +21 16,000 





f\ 





20,000 


22 : 23-Dibromoergosta-7 : 9(11)-dien-3B-yl acetate. 
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Conversion of tetrabromoergostenyl acetate into 22 : 23-dibromoergosta-7 : 9(11)-dien- 
38-yl acetate is nearly quantitative, as is that of the latter into ergosteryl-D acetate. 
Ergosteryl-D acetate obtained by this method is of high purity and attains the physical 
constants shown in the Table after a single crystallisation. A specimen prepared by the 


( 
RO u 


mercuric acetate method required seven crystallisations before the constants shown in the 
Table were obtained. The bromine method can be used for the preparation of ergosteryl-D 
acetate from 5-dihydroergosteryl acetate, without the isolation of either tetrabromoergo- 
stenyl acetate or 22: 23-dibromoergosta-7 : 9(11)-dien-38-yl acetate. Treatment of 
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5-dihydroergosteryl acetate with bromine followed by debromination of the mixture with 
zinc dust gives ergosteryl-D acetate in 70% yield. 

22 : 23-Dibromoergosta-7 : 9(11)-dien-38-yl acetate and hydrogen peroxide give a 
compound C39H,,O0,Br,, identified as 38-acetoxy-22 : 23-dibromo-9« : 1la-epoxyergostan- 
7-one (II) by its conversion into 3$-acetoxy-9« : 1la-epoxyergost-22-en-7-one (III) by zinc 
dust. The identity of (III) was in turn established by direct comparison with the specimen 
obtained by Budziarek, Newbold, Stevenson, and Spring (preceding paper) and by its 
conversion into 38 : 1la-diacetoxyergosta-8 : 22-dien-7-one (IV) by hydrolysis with dilute 
potassium hydroxide followed by acetylation. 

A preliminary study of the action of chlorine on 5-dihydroergosteryl acetate has been 
made. The reaction product is a mixture from which tetrachloroergostenyl acetates I and 
II have been obtained. The isomer I with sodium iodide gives 22 : 23-dichloroergosta- 
7 : 9(11)-dien-38-yl acetate. 


EXPERIMENTAL 

Specific rotations were determined in chloroform solution (unless otherwise stated) in a 
1-dm. tube at approx. 15°. Ultra-violet absorption spectra were measured in ethanol solution 
with a Unicam S.P. 500 spectrophotometer. 

5-Dihydroergosteryl Acetate-——A solution of ergosteryl acetate (35 g.; m. p. 173—175°, 
{«], —93°) in sulphur-free benzene (300 c.c.) was treated with a suspension of Raney nickel 
sludge (Org. Synth., 29, 25) (W6; 15—20c.c.) in benzene (50 c.c.), and the mixture shaken at 17° 
with hydrogen under slight positive pressure until the total absorption was 2140 c.c. (calc., 
1900 c.c.), of which, according to a blank experiment, approximately 150 c.c. were absorbed by 
the solvent. The time required for the gas absorption varied considerably ; with a very active 
catalyst and pure benzene it was 15 minutes. The filtered reaction solutions from five such 
experiments were combined, and the solvent was removed under reduced pressure, to yield a 
crystalline residue, m. p. 172—174°, which gave a yellow colour with tetranitromethane in 
chloroform. Crystallisation from chloroform—methanol gave 5-dihydroergosteryl acetate (93 g.) 
as lustrous plates, m. p. 178—181°; [a], —19-5° (c, 2-0), showing no high-intensity absorption 
above 2200A. A further quantity (69 g.) (total yield, 92%), m. p. 177—179°, [a], —18° 
(c, 1-8), was obtained from the mother-liquor. In other experiments yields varying between 
92% and 95% of material of similar m. p. and specific rotation were obtained. Recrystallisation 
of the product from chloroform—methanol gave plates, m. p. 180-—182°; [a], —20-5° (c, 2-1). 

Ergosteryl-D Acetate.—Application of a modified procedure used by Bergmann and Stevens 
(J. Org. Chem., 1948, 13, 10) for the preparation of dehydroergosteryl acetate from ergosteryl 
acetate to 5-dihydroergosteryl acetate gives an improved yield of ergosteryl-D acetate; this 
method has also been used by Heusser e¢ al. (loc. cit.). By this method 5-dihydroergosteryl 
acetate (44 g.) was converted into ergosteryl-D acetate (18 g.), m. p. 168—172°, [a], +19° 
(c, 1-0). After six recrystallisations from chloroform—methanol the product (12 g.) was obtained 
as large blades, m. p. 176°, [a], +30°, + 30° (c, 1-9, 1-4) (Found: C, 82-2; H, 10-4. Calc. for 
CyoH,y,O,: C, 82-1; H, 106%). Light absorption: Max. at 2350 (¢ = 15,500) and 2420A 
(¢ = 17,000), and an inflection at 2510 A (ec = 12,500). Ergosteryl-D acetate gives a brown 
colour with tetranitromethane in chloroform. 

Ergosterol-D was obtained by hydrolysis of the acetate with ethanolic potassium hydroxide. 
It separates from methanol—chloroform as felted needles, m. p. 165—167°, [a], +30°, +30° 
(c, 1-5, 1-4). Light absorption: Max. at 2350 (e = 15,500) and 2420A (c = 16,700). 
Confirmation of the homogeneity of the acetate and alcohol was obtained by reacetylation of the 
latter. The alcohol (1-6 g.; m. p. 167°) in pyridine (10 c.c.) and acetic anhydride (2 c.c.) was 
kept in nitrogen for 16 hours at room temperature. The product isolated in the usual manner 
was crystallised once from methanol-chloroform, to give ergosteryl-D acetate, m. p. 176°, as 
large blades, [a], +31° (c, 1-4). Light absorption: Max. at 2350 (ec = 15,300) and 2420A 
(¢ = 17,000) with an inflection at 2510 A (c = 12,000). 

Tetrabromoergostenyl A cetate.—A solution of 5-dihydroergosteryl acetate (10 g.; [a], —20-5°) 
in dry ether (1000 c.c.) was treated rapidly at 0° with a solution of dry bromine (5-1 c.c.) in glacial 
acetic acid (50 c.c.). The mixture was cooled to —60°, with shaking, and allowed to regain 
room temperature during 2 hours with frequent shaking. The solid (8-3—9-0 g.) was collected, 
washed with ether, and dried at room temperature under reduced pressure. Twocrystallisations 
of a sample of the colourless amorphous solid from benzene-light petroleum (b. p. 60—80°) gave 
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tetrabromoergostenyl acetate as felted needles, m. p. 128° (decomp.) (Found: C, 47-7; H, 6-4; 
Br, 42-5. C,,H,,O,Br, requires C, 47-5; H, 6-1; Br, 42-2%). 

Treatment of ergosteryl-D acetate (1-0 g.) with bromine as described above for 5-dihydro- 
ergosteryl acetate gave tetrabromoergosteny] acetate (1-05 g.) as needles [from benzene-light 
petroleum (b. p. 60—80°)], m. p. 123—124° (decomp.) alone or mixed with the specimen 
described above. The tetrabromo-compound decomposes on storage and its solutions in 
chloroform, acetone, or acetic acid decompose with evolution of hydrogen bromide and 
considerable coloration; it is very sparingly soluble in cold ether and light petroleum, and has 
[a]p + 233°, + 225° (c, 0-2, 0-2 in dioxan), [a], + 260° (c, 1-2 in benzene). A freshly prepared 
solution of the tetrabromo-compound in chloroform (c, 1-1) had [«], + 205°; after 90 minutes 
the value was + 93°. 

22 : 23-Dibromoergosta-7 : 9(11)-dien-38-yl Acetate (I; R = Ac).—A solution of tetrabromo- 
ergostenyl acetate (9-0 g.) in warm benzene (500 c.c.) was treated with sodium iodide (25 g.) in 
ethanol (500 c.c.) added in one portion. Iodine was immediately liberated. After 20 hours at 
15° the solution was diluted with water (500 c.c.), the benzene layer separated, and the aqueous 
phase extracted with benzene (300 c.c.). The combined extracts were washed with sodium 
hydroxide solution (2 x 200 c.c.; 1%), then with water, and dried (Na,SO,). Removal of the 
benzene and solution of the solid in the minimum volume of chloroform followed by addition of 
methanol and storage at 0° gave a solid. This was purified by percolation of its solution in 
benzene (approx. 100 c.c.) through a column of alumina (Grade II; 15 x 2-5 cm.), followed by 
washing with benzene (200 c.c.). Removal of the solvent from the filtrate gave a solid (6-5— 
6-9 g.) which on crystallisation from methanol—chloroform gave 22 : 23-dibromoergosta-7 : 9(11)- 
dien-38-yl acetate as prismatic needles, m. p. 233—-234° (decomp.), [a], + 32°, + 30° (c, 1-4, 1-7) 
(Found: C, 60-0; H, 7-8. Cj ,H4,O,Br, requires C, 60-2; H, 7-75%). Light absorption : 
Max. at 2350 (¢ = 19,000) and 2420 A (ec = 21,000), and an inflection at 2500 A (ec = 13,000). 
The dibromide gives a dark brown colour with tetranitromethane in chloroform. 

Treatment of a specimen of tetrabromoergostenyl acetate obtained from ergosteryl-D 
acetate with sodium iodide as described above gave 22 : 23-dibromoergosta-7 : 9(11)-dien-38-yl 
acetate as prismatic needles from methanol-chloroform, undepressed in m. p. when mixed with 
the specimen described above and having [a], +30° (c, 1-4). Treatment of 22 : 23-dibromo- 
ergosta-7 : 9(11)-dien-38-yl acetate (600 mg.) with bromine as described above for 5-dihydroergo- 
steryl acetate gave tetrabromoergostenyl acetate (510 mg.) which separated from benzene-light 
petroleum (b. p. 60—80°) as felted needles, m. p. 123—124° (decomp.). 

22 : 23-Dibromoergosta-7 : 9(11)-dien-38-ol (1; R = H).—A solution of the acetate (300 mg.) 
in benzene (5 c.c.) and aqueous methanolic potassium hydroxide (40 c.c.; 3°) was refluxed for 
6 hours, and concentrated to 30c.c. The crystals separating on cooling were recrystallised from 
methanol-chloroform, giving 22 : 23-dibromoergosta-7 : 9(11)-dien-38-ol (270 mg.) as elongated 
plates, m. p. 230—231° (decomp.), [a], +26° (c, 2-0) (Found: C, 59-5, 59-0; H, 8-4, 8-3. 
C,,H,,OBr,,CH,°OH requires C, 59-2; H, 8-2%). The alcohol gives a brown colour with tetra- 
nitromethane in chloroform. Light absorption: Max. at 2350 (¢ = 18,000) and 2420 A (ce = 
20,000), and an inflection at 2500 A (e = 13,500). 

Ergosteryl-D Acetate.—(a) 22 : 23-Dibromoergosta-7 : 9(11)-dien-38-yl acetate (2-0 g.) in a 
mixture of ether (200 c.c.) and ethanol (300 c.c.) was treated with zinc dust (10 g.) (activated by 
washing with ammonium chloride) added in one portion. The stirred reaction mixture was 
heated under reflux for 2 hours, filtered, and concentrated, and the residue treated with water 
and extracted with ether. The ethereal solution was washed with water, dried (Na,SO,), and 
evaporated. Crystallisation of the residue (m. p. 178—180°; 1:4 g., 95%) from methanol-— 
chloroform gave ergosteryl-D acetate, m. p. 178—180°, [«], +32°, +33° (c, 1-5, 1-6) (Found: 
C, 82:1; H, 10-7. Calc. for C,,H,,O,: C, 82:1; H, 106%). Light absorption: Max. at 2350 
(c = 17,000) and 2420 A (ec = 19,000), and an inflection at 2510 A (e = 12,000). 

(6) A solution of 22 : 23-dibromoergosta-7 : 9(11)-dien-38-yl acetate (500 mg.) in cyclohexane 
(100 c.c.) was treated with Raney nickel sludge (5 c.c.) previously washed with cyclohexane, and 
the mixture shaken with hydrogen for 18 hours. The mixture was filtered and the filtrate 
evaporated to dryness. The solid was crystallised from chloroform—methanol, to yield 
ergosteryl-D acetate as plates (250 mg.), m. p. 173—176°, [a], +27° (c, 1-25); the m. p. was 
undepressed when the material was mixed with a specimen, m. p. 175—177°, [«]) + 30°, obtained 
by oxidation of 5-dihydroergosteryl acetate with mercuric acetate. 

(c) A solution of 5-dihydroergostery] acetate (2-5 g.) in ether (250 c.c.) at 0° was treated 
with bromine (1-25 c.c.) in glacial acetic acid (5c.c.). The temperature was immediately lowered 
to —60° and then allowed to rise to —5° during 1} hours. Benzene (100 c.c.) and zinc dust (7 g.) 





[1952] Steroids. Part Il. 2905 


were then added, and the mixture stirred at 0° for 1 hour and kept overnight at 0°. After 
removal of the zinc, ethanol (250 c.c.) and zinc dust (25 g.) were added to the filtrate, the mixture 
was heated under reflux for 3 hours, and the product (2-3 g.; m. p. 160—167°) isolated in the 
usual manner. Filtration of a benzene solution of this product through a short column of 
alumina (Grade II), followed by crystallisation from chloroform—methanol, yielded ergosteryl-D 
acetate as plates (1-5—1-8 g.), m. p. 173—174°; [a], +28° (c, 2-1). Light absorption : Max. at 
2360 (¢ = 14,500) and 2420 A (ec = 16,300), with an inflection at 2500 A (ec = 10,900) (Found : 
C, 81-8; H, 10-6%). 

Tetrachloroergostenyl Acetates.—A solution of 5-dihydroergostery! acetate (10 g.) in dry ether 
(1 1.) at 0° was treated rapidly with a solution of dry chlorine (6-5 g.) in glacial acetic acid 
(100 c.c.) and immediately cooled to — 50° and kept at this temperature for 75 minutes. The 
solution was allowed to attain room temperature, kept for 12 hours, and then concentrated to 
150 c.c. under reduced pressure below 40°. The solid (2-2 g.), which separated was collected 
(liquor A), washed with a little glacial acetic acid, and thrice crystallised from benzene-light 
petroleum (b. p. 60—80°) from which tetrachloroergostenyl acetate I separated as felted needles, 
m. p. 167—169° (decomp.), [a], +190° (c, 1-2), + 192° (c, 1-3) (Found: C, 62-1; H, 8-0; Cl, 
24:8. C,,H,,O,Cl, requires C, 62-1; H, 8-0; Cl, 24-4%). 

A second crop of crystalline solid (660—750 mg.), which slowly separated from liquor A, was 
recrystallised from benzene—light petroleum (b. p. 60—80°), to give tetrachloroergostenyl acetate II 
as needles, m. p. 213—-214° (decomp.), [a],, — 248° (c, 1-1), — 257° (c, 2-0) (Found: C, 62-3; H, 8-1; 
Cl, 24-6%). 

22 : 23-Dichloroergosta-7 : 9(11)-dien-38-yl Acetate.—Tetrachloroergostenyl acetate I (400 mg.) 
in dry benzene (30 c.c.) was treated with a solution of sodium iodide (1-5 g.) in ethanol (30 c.c.), 
iodine being immediately liberated. After 16 hours at 15° the mixture was diluted with water, 
and the benzene solution washed with 5% sodium hydroxide solution, then water, dried 
(Na,SO,), and evaporated to dryness. The solid was thrice crystallised from methanol-— 
chloroform, from which 22 : 23-dichloroergosta-7 : 9(11)-dien-38-yl acetate separated as long 
prismatic needles, m. p. 235—237°, [a], +43° (c, 0-5), +44° (c, 1-3) (Found: C, 70-6; H, 9-1; Cl, 
14-5. C,,H,,O0,Cl, requires C, 70-7; H, 9-1; Cl, 13-9%). The dichloride gives a brown colour with 
tetranitromethane in chloroform. Light absorption: Max. at 2360 (¢ = 18,800) and 2420A 
(c = 21,000), with an inflection at 2500 A (c = 14,000). 

38-A cetoxy-22 : 23-dibromo-9a : 1la-epoxyergostan-7-one (I1).—A solution of 22 : 23-dibromo- 
ergosta-7 : 9(11)-dien-38-yl acetate (4-5 g.) in carbon tetrachloride (100 c.c.) and glacial acetic 
acid (600 c.c.) (purified by refluxing over chromium trioxide) was treated with hydrogen 
peroxide solution (8 c.c.; 30%) added in one portion, and heated to 95° with stirring during 
25 minutes. The mixture was kept at this temperature for 3 hours, then evaporated under 
reduced pressure. The partly crystalline residue was treated with methanol (30 c.c.) and kept 
at 0° overnight, and the solid (1-50 g.; m. p. 218—221°) collected. Recrystallisation from 
methanol—chloroform gave 3(-acetoxy-22 : 23-dibromo-9« : lla-epoxyergostan-7-one as plates, 
m. p. 234—235°, [a], —47° (c, 1-7) (Found: C, 56-9; H, 7-4. C,,H,,O,Br, requires C, 57-1; 
H, 7-35%). The compound does not give a colour with tetranitromethane in chloroform and 
shows no high-intensity absorption above 2200 A. 

36-A cetoxy-9a : lla-epoxyergost-22-en-7-one (III).—A stirred solution of 38-acetoxy-22 : 23- 
dibromo-9« : 1la-epoxyergostan-7-one (1-35 g.; m. p. 218—221°) in stabilised glacial acetic 
acid (150 c.c.) was treated at 95° during 2 hours with zinc dust (11 g.), added portionwise. 
After a further 2 hours at 95° the mixture was filtered, concentrated under reduced pressure 
until solid separated, and diluted with water. The whole was extracted with ether (3 x 50 c.c.), 
and the extract washed successively with sodium hydrogen carbonate solution and water and 
dried (Na,SO,). Removal of the ether gave a solid residue (0-90 g.; m. p. 208—213°). The 
product was twice crystallised from methanol from which 3$-acetoxy-9« : 1l«-epoxyergost-22- 
en-7-one was obtained as needles (which formed slowly from an initial gel), m. p. 223—-224° 
alone or mixed with a specimen of the compound prepared as described in the preceding paper, 
[a]y —79° (c, 0-8) (Found: C, 76-5; H, 9-95. Calc. for C,,H,,O,: C, 76-55; H, 9-85%). The 
compound does not show high-intensity absorption above 2200 A and gives a faint yellow colour 
with tetranitromethane in chloroform. 

38 : lla-Diacetoxyergosta-8 : 22-dien-7-one (IV).—A solution of 3$-acetoxy-9« : 1l«-epoxy- 
ergost-22-en-7-one (150 mg.; m. p. 217—-219°), prepared as described above, in benzene (2 c.c.) 
and methanol (25 c.c.) was treated with aqueous potassium hydroxide solution (20%; 4 c.c.), 
and the mixture refluxed for 1 hour. The cooled solution was diluted with water and extracted 
with ether. The extract was washed with water, dried (Na,SO,), and evaporated under reduced 
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pressure. The solid was acetylated by heating it for 1 hour with pyridine (3 c.c.) and acetic 
anhydride (0-5 c.c.). The acetylated product, isolated by means of ether, separated as needles, 
m. p. 172—173°, from aqueous methanol. Recrystallisation from the same solvent gave 
36 : 1la-diacetoxyergosta-8 : 22-dien-7-one, [x], +12° (c, 1-55), m. p. 173—174° undepressed 
on admixture with the specimen described in the preceding paper (Found: C, 75-2, 75-2; H, 
9-6, 9-9. Calc. for C,sH,,0O,: C, 75-0; H, 9-4%). Light absorption: Max. at 2520A (ec = 
9200). The compound gives a light yellow colour with tetranitromethane in chloroform. 


We are grateful to Messrs. B. H. Thickett and Richard Budziarek, B.Sc., for help with some 
of the experiments described. The microanalyses were by Dr. A. C. Syme and 
Mr. Wm. McCorkindale, and the ultra-violet absorption spectra were measured by Miss Norma 
Caramando and Miss Elizabeth Davidson. 
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549. Studies in Co-ordination Chemistry. Part XII.* A 
Ditertiary Arsine Nickel Carbonyl and Some Halogen Derivatives. 


By R. S. NYHOLM. 


The reaction between nickel tetracarbonyl and the ditertiary arsine 
chelate group, o-phenylenebisdimethylarsine, has been studied. Two 
carbonyl groups are replaced readily to yield a stable crystalline compound of 
the formula Ni(CO),Diarsine, which is diamagnetic and monomeric in 
freezing benzene. Attempts to replace all four carbonyl groups were un- 
successful. Oxidation of the complex with iodine liberates the carbon 
monoxide, giving the compound Nil,Diarsine, first of a previously unknown 
class of cis-planar bivalent nickel complexes. This substance is red and 
diamagnetic; it is monomeric in freezing ethylene dibromide and is a non- 
electrolyte in nitrobenzene. The corresponding bromide and chloride 
are much less stable. The further oxidation of these compounds has 
been investigated and a tervalent nickel complex bromide of the formula 
NiBr,Diarsine is described. 


IN an attempt to prepare the bis(ditertiary arsine)-nickel® complex (II1), the behaviour 
of the chelate gioup o-phenylenebisdimethylarsine (I) with nickel carbonyl has been 
studied. It has already been shown that this chelate group stabilises bi-, ter-, and quadri- 
valent nickel in various complexes (J., 1950, 2061; 1951, 2602) and it was hoped that this 
chelate group might be more effective than trialkylphosphines and trialkylarsines for the 
replacement of all four carbonyl (CO) groups. Most ligands which react directly with 
nickel carbonyl replace two carbonyl groups only. Thus by direct replacement the 
following compounds, for example, may be prepared: Ni(CO),Dipyridyl; Ni(CO),0- 
Phenanthroline ; Ni(CO),(Triphenylphosphine),. The last is a white crystalline compound, 
m. p. 192°, whilst the first two are red [for detailed summary see ‘‘ Acetylene and Carbon 
Monoxide Chemistry ’’ by Copenhaver and Bigelow, Reinhold Publ. Corpn., N.Y., 1949, 
pp. 260, 297; also Hieber and Bockly, Z. anorg. Chem., 1950, 262, 344, and Hein, 
‘“‘Chemische Koordinationslehre,”’ Zurich, 1950, p. 347]. By using alkyl and aryl cyanides 
more than two carbonyl groups may be replaced; thus, Hieber (Z. Naturforsch., 1950, 5, B, 
129) has prepared the compounds Ni(C==N-C,H,), and Ni(C=N-CH,),CO. Using similar 
methods, Wilkinson (Nature, 1951, 168, 514) has recently prepared the compounds 
Ni(PF,), and Ni(PCl,),. Chatt (J., 1951, 3061) has shown that phosphorus trifluoride does 
not react directly with metallic nickel but on its prolonged refluxing with nickel carbonyl 
at least three carbonyl groups are replaced, giving a liquid product. These phosphorus 
trihalide compounds suffer from the disadvantage that they are readily hydrolysed and it is 
therefore of interest to obtain less reactive compounds for physical investigations. 


* Part XI, J., 1952, 1257. 
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It seems most significant that the groups which add to zerovalent nickel are just those 
for which double-bond structures may be written. The formulation of Ni(CO), with four 
co-ordinate links (e-bonds) would leave the nickel atom with a most improbable negative 
charge. This may be decreased by using some of the 3d electron pairs of the nickel atom 
for double (x) bonding with a suitable vacant orbital of the ligand; this would need to be 
a p orbital in the case of a first-row element or a d orbital for second- or later-row elements 
of the periodic table (for summary references see Part X, J., 1951, 3245). The possible 
number of strong double bonds in a tetrahedral complex is two (Kimball, J]. Chem. Phys., 
1940, 8, 194) and, since there are more than sufficient 3d electron pairs on the nickel atom to 
permit this, double bonding probably takes place to a marked extent in all cases; some 
evidence in support of this view is given below. The contributory structures to the 
resonance hybrid in certain cases are shown below. 

Ni«-C=N —R Ni«-PR, 
Ni—C—N—R Ni=PR, 


It has been found that, while the ditertiary arsine replaces two carbonyl groups with 
extreme ease, the remaining two are much less reactive. When nickel carbonyl is heated 
under reflux with the ditertiary arsine dissolved in benzene or light petroleum, carbon 
monoxide is evolved and on removal of the solvent compound (II) only is isolated; varying 
the proportions of the two reactants did not alter the product. Furthermore, even when 
(II) is heated at 200° with excess of the chelating compound in the presence of hydrogen, 
decomposition rather than replacement occurs. Compound (II), o-phenylenebisdimethyl- 
arsinedicarbonylnickel®, was isolated as colourless crystals, m. p. 125°, which are readily 
soluble in all solvents tried except water. It is very soluble in benzene in which it is 
monomeric at the freezing point, showing that the nickel atom is four-covalent. The 
compound is diamagnetic, like the parent tetracarbonyl, suggesting that the bonds are 
4s4p% and hence that the nickel atom is tetrahedral. Electric dipole moment data would 
not assist in determining the stereochemistry since both a planar and a tetrahedral arrange- 
ment of the four bonds would result in a finite dipole moment of approximately the same 
value; however, there is no reason for believing that the four bonds are planar. The 
difficulty of removing the two remaining carbonyl groups suggests at first sight that these 
are more strongly bound than in nickel carbony] itself. A comparison of the force constants 
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of the C—O bonds in Ni(CO),Diarsine and in Ni(CO),, however, shows that there is little 
change in the C—O bond order in the two compounds and hence presumably the bond order 
of the Ni-C bond is approximately the same in both cases (unpublished infra-red studies by 
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Nyholm and Short). The difficulty of removing the remaining two carbonyl groups thus 
appears to arise from mechanistic difficulties rather than from any increase in the strength 
of binding of these two groups compared with the four in Ni(CO),. Attempts to obtain 
compound (III) by heating finely powdered nickel with the ditertiary arsine were also 
unsuccessful. 

A solution of (II) in alcohol undergoes a striking series of colour changes when treated 
with chlorine in carbon tetrachloride. The colourless solution first becomes red, a colour 
which is usually indicative of the presence of a diamagnetic bivalent nickel complex; on 
further addition of chlorine the solution becomes yellow and finally develops an emerald- 
green colour. Yellow and green colours have been observed previously when ter- and 
quadri-valent nickel complexes are present in aqueous solution, and the reaction with 
halogens was therefore studied in more detail. When compound (II) in benzene solution 
is treated with one molecular proportion of iodine, a deep red colour appears at once and a 
vigorous effervescence occurs. A beautiful crimson precipitate with the empirical formula 
Nil,Diarsine is obtained. This compound is readily soluble in nitrobenzene to a red 
solution; the molecular conductivity in this solvent in M/1000-concentration is less than 
1 mho, indicating that the compound is a non-electrolyte since uni-univalent electrolytes 
have molecular conductivities of the order of 20—30 mho in this solvent at this concentration 
(see Part VII, J., 1951, 38). In freezing ethylene dibromide the compound is monomeric, 
showing that the nickel atom is four-covalent and hence confirming the formulation shown 
in (IV). The planar arrangement of the four bonds may be inferred from the fact that the 
compound is diamagnetic, the latter indicating that the bonds are 3d4s4p?._ In Part V 
(J., 1950, 2061) attempts to make the corresponding chloro-compound by the direct action 
of the ditertiary arsine on nickel chloride in alcoholic solution were described. On that 
occasion only the bis(ditertiary arsine) complex similar to (V) could be isolated. When the 
compound [Ni(Diarsine),]Cl, was refluxed for many hours with excess of nickel chloride in 
an inert atmosphere no change was apparent; it was concluded that in alcoholic solution 
the compound NiC],Diarsine was unstable with respect to [Ni(Diarsine),]Cl, and nickel 
chloride. Owing to the insolubility of the compounds [Ni(Diarsine),|Br, and 
{Ni(Diarsine),]I, in alcohol the preparation of [Ni(Diarsine)Br,]® and [Ni(Diarsine)I,]° by 
this method was not attempted. The ease with which (II) passes over into the salt 
[Ni(Diarsine),]I, (V) is shown by the fact that when a solution of (II) in nitrobenzene, 
chloroform, etc., is treated with the ditertiary arsine the red colour is discharged instantly 
and a brown precipitate of the salt is obtained. 

Attempts to prepare the pure bromide and chloride corresponding to (IV) were less 
successful. Addition of the requisite amount of bromine to (II) in benzene gave a reddish- 
brown precipitate which gave analytical figures only approximately correct for NiBr,Diarsine. 
Extraction with chloroform gave a small yield of the required complex as a pink powder 
with properties similar to those of (IV). The complex could not be obtained pure 
and this is reflected both in the analysis and in weak paramagnetism. When kept the 
compound quickly became brown owing to decomposition. The chloro-compounds were 
even less stable than the iodide and bromide, and no compound corresponding with 
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the formula NiCl,Diarsine could be isolated. Compounds of the general formula 
Ni(Hal),Diarsine thus become progressively more difficult to obtain pure as the halogen 
atom becomes more electronegative. Two reasons can be suggested to explain this experi- 
mental difficulty. First, it is known for Ni(11) complexes that, as the electronegativity of 
the attached groups increases, there is an increasing tendency to utilise orbitals higher than 
the planar 3d4s4p? orbitals and hence a change over from the planar diamagnetic to the 
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tetrahedral paramagnetic complexes occurs. Thus, whereas NiCl,,2(C,H;),P is red and 
diamagnetic, Ni(NO,),,2(C,H;),P is green and paramagnetic with a _ tetrahedral 
configuration. These tetrahedral complexes tend to pass over to octahedral ones very 
easily, and hence attack on the molecule and subsequent decomposition is facilitated 
(Nyholm, Quart. Reviews, 1949, 3, 321). The second possible explanation arises from the 
fact that these complexes would have a cis-planar arrangement and it is known that at 
least with Pt(11) complexes of tertiary arsines the reactivity of the cis-isomer is greater than 
that of the ¢rans (see Part I, J., 1950, 843). Finally, it is relevant to mention that using 
triethylarsine, Jensen (Z. anorg. Chem., 1936, 229, 265) was able to isolate the iodide 
Nil,,2(C,H,),As but neither the bromide nor the chloride. 

The compound Nil,Diarsine is the nickel analogue of the palladium complex 
PdCl,Diarsine described by Chatt and Mann (J., 1939, 1622). As far as is known, this is the 
first definite example of a cis-planar chelated complex of bivalent nickel. Chatt and Mann 
(loc. cit.) found that the palladium complex, like the nickel compound, was only slightly 
soluble in most solvents except chloroform. 

The action of excess of halogen on compound (II) has also been investigated. When (II) 
is treated with a slight excess of bromine a brownish-black compound is precipitated, the 
empirical formula of which is NiBr,Diarsine. The magnetic moment of this substance 
(2-4 B.M.) indicates that the nickel atom is tervalent. Owing to the insolubility of the 
compound in organic solvents its molecular complexity could not be determined. This 
insolubility suggests that polymerisation occurs to give a six-covalent Ni(I11) complex, and 
formulation as a five-covalent non-electrolyte similar to NiBr;,2(C,H;),P (Jensen, loc. cit.) 
seems much less likely. The compound may be reduced by sulphur dioxide in acetone 
suspension, to yield the pink bivalent complex again. Attempts to obtain a nickel complex 
with a higher bromine content led to products of indefinite composition. Addition of 
excess of iodine to compound (II) gives black crystals of the formula Nil,Diarsine. These 
are diamagnetic, but whether the nickel atom is bi- or quadri-valent is unknown since the 
compound may well be a polyiodide. Owing to its insolubility it was not further 
investigated. 

The relations between the various complexes are summarised in the chart. 


Br, in C,H, Excess of Br, 


Diarsine 
Ni(CO), —————> Ni(CO), Diarsine —————> [NiBr, Diarsine]}” ———————> NiBr, Diarsine 


| I, in C,H, 
Y 


Diarsine I, 


{Ni(Diarsine),|I, <—————  [Nil,Diarsine]}® ——> Nil,Diarsine 


EXPERIMENTAL 


o-Phenylenebisdimethyiarsinedicarbonylnickel®.—Nickel tetracarbonyl (1-5 g.), dissolved in 
benzene (7 ml.), was treated with the ditertiary arsine (2-0 g.) dissolved in light petroleum 
(5-0 ml.; b. p. 60—80°), and the solution heated under reflux in an atmosphere of carbon 
dioxide. The colourless solution gradually became yellow and after 1 hour was deep brown, 
some nickel being in suspension. The solution was filtered and the pale yellow filtrate was 
allowed to evaporate spontaneously. The almost colourless crystalline complex was 
recrystallised from the minimum volume of alcohol, yielding large colourless crystals (1-2 g.), 
m. p. 125° (Found: C, 36-0; H, 4-0; Ni, 14-75. C,,H,,O,As,Ni requires C, 35-9; H, 4-0; Ni, 
14-65%). The compound is readily soluble in non-hydroxylic solvents, moderately soluble in 
alcohol, but insoluble in water. In aqueous alcohol it is slowly hydrolysed, a green precipitate 
of nickel hydroxide being formed. The molecular weight (cryoscopic in 3-83°% benzene solution) 
was 380 (Required: 400-7). Magnetic susceptibility: in powder form the compound is 
diamagnetic with y, = —0-28 x 10-* at 17-5°. 

o-Phenylenebisdimethylarsinedi*iodonickel"™,—The above dicarbonyl complex, Ni(CO),Diarsine 
(0-40 g.), dissolved in cold benzene (8 ml.), was treated with iodine (0-25 g.) in warm 
benzene (20 ml.); the solution became purplish red, a red precipitate being formed. During 
the reaction a vigorous effervescence occurred, carbon monoxide being evolved. After cooling, 
the compound (0-62 g.) was filtered off and well washed with benzene before being dried in vacuo 
(Found: C, 19-8; H, 2-85; I, 41-5; Ni, 9-67. CC, ,H,,As,I,Ni requires C, 20-0; H, 2-7; I, 
42-4; Ni, 9-79%). The substance dissolves in acetone, chloroform, or nitrobenzene, and is 
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moderately soluble in benzene, but practically insoluble in alcohol and insoluble in water or 
light petroleum. It is decomposed by water, yielding a brown residue, presumably the salt 
[Ni(Diarsine),|I, since the filtrate from the latter contains nickel ions resulting from 
disproportionation. When a chloroform solution is treated with the ditertiary arsine the 
reddish-purple colour is discharged instantly, the brown salt [Ni(Diarsine),]I, being precipitated. 
When heated, the compound changes colour and melts with decomposition at ca. 140°. The 
compound is diamagnetic in the powder form with y, = —0-15 x 10°*. In nitrobenzene the 
complex is a non-electrolyte, the molecular conductivity in 0-8 x 10m-solution being 0-8 mho 
The molecular weight (cryoscopic in 0-55% ethylene dibromide solution) is 580 (Required : 599). 

Action of Bromine on Ni(CO),Diarsine.—The dicarbonyl nickel complex was treated with 
bromine (a) in the ratio Br : Ni = 2: 1 and (bd) in excesss. 

(a) To the dicarbonyl compound (0-5 g.) in sodium-dried cyclohexane (25 ml.) was added 
bromine (0-2 g.) in carbon tetrachloride (10 ml.), with vigorous stirring to avoid the formation 
of local concentrations of bromine leading to the tribromide. A reddish to red-brown precipitate 
(0-65 g.) was obtained which was filtered off and well washed with cyclohexane and dried in vacuo. 
This compound was paramagnetic (yg = +0-5 x 10°*) and hence was not pure dibromide. It 
was treated with chloroform (50 ml.), the whole was filtered, and the filtrate treated with light 
petroleum, yielding a pink powder (0-2 g.). This was still very weakly paramagnetic and 
hence not pure. Analysis (C, 22-6; H, 4:7; Br, 28-2; Ni, 10-2. Calc. for C,)H,,As,Br,Ni: 
C, 23-7; H, 3:2; Br, 31-7; Ni, 11-6%) confirms that the compound is impure but all attempts 
to obtain the pure complex were unsuccessful. The compound became brown within 24 hours. 
When benzene was used, the initial precipitate had a beautiful crimson colour but during 
isolation the compound became brown and its analytical figures were poor. 

(b) The carbonyl complex, Ni(CO),Diarsine (0-4 g.), in dry cyclohexane (40 ml.) was treated 
with bromine (0-24 g.) in carbon tetrachloride (12-5 ml.), the mixture being well stirred during 
and after the addition. The dark brown precipitate (0-45 g.) was filtered off, well washed with 
cyclohexane, and dried in vacuo (Found: C, 19-3; H, 3-2; Br, 40-2. Calc. for C,,H,,As,Br,Ni: 
C, 20-5; H, 2-73; Br, 41-0%). The complex was thus not the pure tribromide but further 
attempts to obtain a less impure product gave substances with variable analyses. The reason 
for this is probably that the bromination of the solid bivalent compound is incomplete and that 
partial decomposition may occur. The compound was insoluble in organic solvents and 
decomposed when kept. When the compound was treated in acetone suspension with sulphur 
dioxide a pink colour developed, presumably owing to reduction. Magnetic susceptibility : 
tg = 34 X 10°, yy = 1990 x 10°*, diamagnetic correction = 285 x 10°*, whence up = 2-4 
B.M. The impurity is thus also reflected in the magnetic moment which is unusually high 
for one unpaired electron. 

Action of Iodine on Nil,Diarsine.—The di-iodo-complex (0-1 g.) in ethylene dibromide 
(14 ml.) was filtered from traces of insoluble material formed on storage and treated with iodine 
(0-07 g.) dissolved in ethylene dibromide (5 ml.). The purplish-red solution of the di-iodide 
became very much darker and black crystals appeared. A small amount of light petroleum 
was added to hasten crystallisation. The product (0-1 g.) was filtered off and well washed with 
petroleum ether (Found: C, 13-8; H, 2-1; Ni, 6-7. C, 9H,,As,I,Ni requires C, 14-0; H, 1-9; 
Ni, 6-85%). The compound was diamagnetic showing that the nickel is either bi- or 
quadrivalent. Owing to the insolubility of the substance its properties were not further 
investigated. 

The author thanks the Mond Nickel Company for a gift of the nickel carbonyl used in this 
investigation. 


WILLIAM RAMSAY AND RALPH ForRSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. [Received, April 1st, 1942.) 
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550. The Tautomerism of N-Heteroaromatic Amines. Part II.* 
Infra-red Spectroscopic Evidence.t+ 


By C. L. ANGYAL and R. L. WERNER. 


An examination of the infra-red spectra of certain N-heteroaromatic 
amines in which tautomerism between amino- and imino-forms is possible 
has been made in the 3- and the 6-u region. The results show that in 
chloroform solution all the samples examined exist predominantly in the 
amino-form. 


In Part I of this series (Angyal and Angyal, J., 1952, 1461) the structure of certain 
N-heteroaromatic amines such as 4-aminopyridine was considered on the basis of the 
available chemical evidence. 

In compounds of this type tautomerism is possible between an amino- and an imino- 
form. It was concluded that the previous arguments in favour of the imino-for1m were 
unjustifiable in the light of modern chemical theory and that a re-examination of the 
problem was desirable. A semi-quantitative method was proposed for the estimation of 
the proportion of the tautomers in equilibrium and in the cases investigated the ratios of 
amino- to the imino-form wee found to be greater than 10%. 

Ultra-violet absorption spectra of compounds of this type have been studied (Stock 
and Ewing, J. Amer. Chem. Soc., 1948, 70, 3397; Anderson and Saeger, ibid., 1949, 71, 
340; Craig and Short, J., 1945, 419; Turnbull, J., 1945, 441; Albert and Short, /J., 1945, 
760) but with contradictory results. The infra-red spectra of a series of amino-derivatives 
of pyridine, quinoline, thiazole, and pyrimidine, in which tautomerism might occur, have 
therefore been obtained and compared with the spectra of related compounds of known 
structure or in which tautomerism is not possible. 


EXPERIMENTAL 


Materials.—Aniline, a-naphthylamine, pyridine, and 2-aminopyrimidine were commercial 
samples; 2- and 4-aminopyridine, 4-aminoquinoline, 2-aminothiazole, and the methiodides 
were the samples used in Part I; 2-aminoquinoline was kindly presented by Professor A. Albert 
and 3-aminopyridine was prepared and presented by Dr. E. Gergely. All these substances were 
redistilled or recrystallised within a few hours of being examined. 1: 2-Dihydro-2- and 
1 : 4-dihydro-4-imino-1l-methylpyridine were prepared according to Anderson and Saeger 
(loc. cit.). The concentrations given for these particular solutions are therfore only 
approximate. 2-Imino-3-methylthiazoline was prepared as described by Druey (Helv. Chim. 
Acta, 1941, 24, 226k). 

Chloroform was of B.P. quality and a solvent blank was run for each cell thickness. 

Apparatus.—The spectra were recorded with a Perkin-Elmer Model 12-C single-beam 
instrument with rock-salt optics. This was calibrated against the bands of water vapour in the 
6-4 region and against water vapour, atmospheric carbon dioxide, and ammonia in the 3-y region 
(Oetjen, Kao, and Randall, Rev. Sci. Instr., 1942, 13, 515). Comparison with the spectra used 
for calibration indicated a resolving power of 4 cm.-! at 1700 cm.-! and 20 cm. at 3000 cm.-!. 
It is well known that the position and shape of bands in the infra-red region are affected to some 
extent by the particular state of the material examined (Barnes e¢ al., ‘‘ Infra-red Spectroscopy,”’ 
New York, 1944, p. 19; Richards and Thompson, /J., 1947, 1248). In order therefore that any 
similarities or differences in the spectra of the substances investigated would be more apparent, 
the compounds were examined in chloroform solution. These solutions were in general 
approximately 10% w/w but, where necessary because of low solubility, more dilute solutions 


were used with a correspondingly thicker cell. Concentrations and cell thicknesses are indicated 
in Table 1. 


* Part I, J., 1952, 1461. 

+ Added in Proof.—Dr. J. D. S. Goulden had kindly informed us, before the publication of his note 
(J., 1952, 2939), of his results on the infra-red spectra of aminopyridines; these are in satisfactory 
agreement with our measurements and further confirm our conclusions. 
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TABLE 1. Absorption bands in the 3-p region. 


All the samples were studied in chloroform solution. Side bands are indicated in parentheses. 


Absorption bands (cm.*) Cell(mm.) Concn. (% w/w) 
Aniline 3228, 3383, 3452 0-025 11-0 
a-Naphthylamine 3240, 3378, 3453 0-025 
2-Aminopyridine 3190, (3330), 3404, 3478 0-025 
3-Aminopyridine 3200, (3340), 3375, 3454 0-025 
4-Aminopyridine 3216, 3405, 3492 0-25 
1 : 2-Dihydro-2-imino-1-methylpyridine 3325 0-025 
2-Aminoquinoline 3228, 3402, 3492 0-025 
4-Aminoquinoline 3205, (3347), 3410, 3497 0-025 
2-Aminopyrimidine 3188, 3319, 3410, 3488 0-050 
2-Aminothiazole 3306, 3392, 3480 0-025 
0-025 


—_ 


so 
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DISCUSSION 


It has been amply demonstrated that bands arising from the stretching vibrations of 
the hydrogen atoms against the nitrogen of amino- and imino-groups occur in the 3-z region 
while the corresponding bending vibrations cause absorption in the 6-y region. In this 


Fic. 1. Absorption spectra in the 3-p region. 
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f, 1: 2-Dihydro-2-imino-l-methylpyridine. g, 2-Aminopyrimidine. h, 2-Aminothiazole. i, 2-Imino-3- 
methylthiazoline. j, 2-Aminoquinoline. , 4-Aminoquinoline. 


particular problem therefore both the 3-u and the 6-u region have been investigated and for 
convenience the results in each will be discussed separately. 

In the high-frequency region aniline and a-naphthylamine give similar spectra (Figs. la 
and 6) consisting of three peaks of which the centre one is the most intense. It will be seen 
that the actual wave-lengths of the three bands agree closely (Table 1) and that the nucleus 
has only a very minor influence. Splitting of the N-H band into three components in 
solution has previously been noticed with amino-compounds and contrasts with the more 
usual two bands found in the solid state or in the pure liquid. 

Because of the close resemblance of the pyridine to the benzene nucleus, it would be 
expected that these bands would occur in 3-aminopyridine close to the positions which they 
occupy in aniline and «-naphthylamine, since no tautomeric change is possible in this case. 
This is confirmed by an examination of that compound (Table 1) the spectrum of which 
agrees well with those of aniline and «-naphthylamine apart from a small unresolved band 
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at 3340 cm.~! on the long wave-length side of the main centre peak. The close resemblance 
of the spectra of 2- and 4-aminopyridine (Figs. lc and e) to those of the three previous 
compounds strongly suggests that these substances exist in the amino- rather than the 
imino-form and this is confirmed by comparison with the spectrum of 1 : 2-dihydro-2- 
imino-1-methylpyridine in which the imino-form has been stabilized. Here one finds only a 
single band at 3325 cm."! of lower intensity (Fig. 1f), rather than the multiple bands of the 
amines. 

Unfortunately, because of low solubility a satisfactory spectrum of 1 : 4-dihydro-4- 
imino-l-methylpyridine could not be obtained in this region, although results in the 
6-u region were clearer. However, it will be immediately obvious that 2- and 4-amino- 
pyridine much more closely resemble the known amino-compounds. 

These results have been extended by an examination of other N-heterocyclic amines and, 
of these, 2- and 4-aminoquinoline would be closest in structural similarity to the amino- 
pyridines. The absorptions of these compounds closely parallel those of the amino- 
compounds discussed above both in intensity and in the general shape and position of the 
bands, so that one may infer with reasonable certainty that these also must exist in the 
amino-form. With 2-amino-pyrimidine and -thiazole (Figs. lg and h) the same multiple 
absorption bands of medium intensity occur. Some difference, however, exists between 
the actual wave-lengths measured for these compounds and those mentioned above. 
These differences are minor and are no more than would reasonably be expected considering 
the modified nucleus to which the groups are attached. More convincing proof of the 
presence of the amino-form in the substances is afforded by an inspection of the spectrum of 
2-imino-3-methylthiazoline. In the same region this shows only a single band characteristic 
of the imino-group and quite unlike the spectra produced by 2-amino-pyrimidine and 
-thiazole. 

In general the results in the 6—7-p interval have supported the conclusions reached in 
the high-frequency region. In solution, aniline shows three strong bands in the region 
1475—1700 cm. (Table 2). Those at 1500 and 1605 cm." are obviously the well-known 


TABLE 2. Absorption bands in the 6-~ region. 


(Cell thicknesses and concns. are given in Table I.) 
Absorption Absorption 
Compound bands (cm.~") Compound bands (cm.") 
, 1500, 1605, 1623. =2-Aminoquinoline 1506, 1568, 1622 
a-Naphthylamine 512, 1574, 1590, 1620 4-Aminoquinoline 1518,1587,1629 
2-Aminopyridine , 1570, 1619 2-Aminopyrimidine , 1605, 1624 
3-Aminopyridine 5, 1586, 1623 2-Aminothiazole ; , 1523, 1605 
4-Aminopyridine 508, 1572, 1601, 1626 2-Imino-3-methylthiazoline 1582 
Pyridine , 1590 
1 ; 2-Dihydro-2-imino- 1- 
methylpyridine 5, 1534, 1572, 1652 
1 : 4-Dihydro-4-imino-1- 
methylpyridine 542, 1655 


ring vibrations of the benzene nucleus (Barnes et al., op. cit., p. 23) while the intensity and 
position of the third band (1623 cm."!) leave no doubt that it should be assigned to the 
amino-group (Williams, Hafstaedter, and Herman, J. Chem. Phys., 1939, 7, 802). The 
spectrum of «-naphthylamine is similar; the bands of the naphthalene nucleus occur at 
1512 and 1590 cm."!, the latter being doubled on the long wave-length side at 1574 cm."}, 
in agreement with previous findings for naphthalene derivatives (Cannon and Sutherland, 
Spectrochim. Acta, 1951, 4, No. 5, 373). The band of the amino-group appears at 1620 cm."! 
close to the position recorded in aniline and with a similar intensity. 

Examination of pyridine under the same conditions shows the presence of two bands at 
1475 and 1590 cm.! which are apparently due to vibrations of atoms in the ring. Some 
controversy, however, seems to exist as to the correct assignment of the 1590-cm.~! band. 
In the pure liquid this band has been measured at 1580 cm."! by one group of investigators 


(Randall, Fowler, Fuson, and Dangl, ‘‘ Infra-red Determination of C-ganic Structures,” 
9a 
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New York, 1949, p. 32) and assigned to the C—N group. This would be a usual position 
for C—N in a conjugated system and would agree with conclusions reached by an 
examination of pyridine, quinoline, etc., by Raman spectroscopy (Hibben, ‘“‘ The Raman 


Fic. 2. Absorption spectra in the 6-p region. 


WM 
JM. 
a 
\ 


2" 
rl 4 
Ss -_" 





f 




















\ 
1650 1550 1450 1650 1550 14 
Wave numbers (cm-") 











1650 1550 7450 


a, Aniline. 6, a-Naphthylamine. c, 2-Aminopyridine. d, 3-Aminopyridine. e, 4-Aminopyridine 
f, Pyridine. g, 1: 2-Dihydro-2-imino-l-methylpyridine. h, 1 : 4-Dihydro-4-imino-l-methylpyridine. 


i, 2-Aminoquinoline. j, 4-Aminoquinoline. &, 2-Aminopyrimidine. /, 2-Aminothiazole. m, 2-Imino- 
3-methylthiazoline. 


Effect and its Chemical Applications,’ New York, 1939, p. 294). On the other hand, 
Brownlie (J., 1950, 3062) assigns bands around 1580 cm."! in pyrimidine derivatives to C=C 
and bands at about 1640—1650 cm.! to C=N, which would be the position of such groups 
in an unconjugated system. This seems rather unusual and another interpretation (Blout, 
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Fields, and Karplus, J. Amer. Chem. Soc., 1948, 70, 194), that in conjugated systems 
involving both C—C and C=N no absolute assignment can be made, seems more logical. 
This is particularly the case since the bands due to C=C and C=N groups occur close 
together when in unconjugated systems and are similarly affected by conjugation. In such 
circumstances the normal vibrations of the system cannot be identified with the vibration 
of particular bonds alone, and the bands in the region in question should more correctly be 
assigned to the nucleus as a whole. 

In agreement with these conclusions Short and Thompson (J., 1952, 168) have assigned 
bands at 1569 and 1610 cm.* in solid pyrimidine to vibrations of the ring, and these values 
lie close to those recorded by us for 2-aminopyrimidine in solution. 

The spectrum of 3-aminopyridine combines the features of both pyridine and aniline. 
The ring vibrations are found at 1586 and 1485 cm."}, and the band of the amino-group at 
1623 cm.1, as in aniline. The last band is characteristically stronger than the 
accompanying ring vibrations (Fig. 2d). The spectra of the 2- and the 4-amino-isomer 
are similar with strong bands at 1626 and 1619 cm.! respectively, which suggest amino- 
groups, and other bands corresponding closely to the ring vibrations of pyridine and 
3-aminopyridine. In the case of 4-aminopyridine it will be observed that one of the ring 
bands is doubled at 1601 and 1572 cm."1, but this is not unusual, having been observed in 
other pyridine derivatives (Cannon and Sutherland, loc. cit., p. 377). Comparison with the two 
reference compounds | : 2-dihydro-2- and 1 : 4-dihydro-4-imino-1-methylpyridine favours the 
amino-form, for, not only do these compounds give strong bands which have shifted to the 
region 1650—1660 cm. (Table 2) and are presumably due to the group —N-H, but also the 
ring vibrations appear to be somewhat different. It should be remembered when comparing 
these spectra that the apparent low intensity of the bands of 1 : 4-dihydro-4-imino-1-methyl- 
pyridine is due only to the concentration used. 

The isomers 2- and 4-aminoquinoline are very similar, giving bands which resemble the 
ring vibrations of the pyridine compounds and strong bands at 1622 and 1629 cm.“ which 
are difficult to assign to other than amino-groups. For 2-aminopyrimidine the ring 
vibrations differ somewhat, owing to the increasing effect of the C—N groups, but the amino- 
band shows strongly at 1624 cm. and indicates the presence of the amino-form. Short 
and Thompson (loc. cit.) have arrived at the same conclusion from an examination of the 
solid material. The results for 2-aminothiazole are somewhat difficult to interpret in this 
region where the influence of the different nucleus is more pronounced. While the band at 
1605 cm.*! seems likely to be due to an amino-group rather than an imino-group, the best 
evidence for the presence of the amino-form in 2-aminothiazole is in the 3-u region. 

In general it may be concluded that the compounds considered, at least in solution, 
exist in the amino- rather than the imino-form. 


DEPARTMENT OF PHYSICAL CHEMISTRY, SCHOOL OF APPLIED CHEMISTRY, 
N.S.W. UNIVERSITY OF TECHNOLOGY, BROADWAY, SYDNEY. [Recetved, April 1st, 1952. 
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551. The Molecular Rotations of Polycyclic Compounds. Part I. 
General Principles and the Correlation of the Triterpenoids with the 
Steroids. 


By W. KLyne. 


The rule of shift is applied in a general form to the molecular optical 
rotations of polycyclic compounds. 

Terminal ring units of the same type make contributions to the molecular 
rotation which are, very approximately, independent of the nature of the rest 
of the molecule. Each terminal unit can exist in two enantiomeric types 
which have rotation contributions of opposite sign. 

Evidence for these principles is adduced from the terminal rings of steroids 
of known structure and configuration, and the principles are then extended 
to intermediate rings. 

The chief use of this general application of the rule of shift will probably 
be in deciding which of two enantiomeric structures should be allotted to 
polycyclic natural products. 

The principles are used to correlate the stereochemistry of the triterpenoids 
with that of the steroids. The a-pB ring union of the triterpenoids is 
considered first; then the B-, the c-, and the p-ring of the oleanane 
(6-amyrane) series, and finally the E-ring. Most rotation values are 
consistent with the formule generally accepted on chemical grounds, but a 
few anomalies are noted. 


THE method of molecular rotation differences has proved of great value in structural 
problems in the steroid field, largely owing to the work of Barton and his colleagues (Barton, 
J., 1945, 813, and many subsequent papers). Its application within other groups of 
polycyclic compounds (e.g., triterpenoids) would no doubt be equally useful (cf. Barton 
and Jones, J., 1944, 659). 

A more general application of the method or of the rule of shift (Freudenberg, Ber., 
1933, 66, 177) lies in correlation of the stereochemistry of one group of polycyclic compounds 
with that of another. Sufficient data are available to warrant this, and the rule can 
already be used to correlate the triterpenoids and the diterpenoids with the steroids. 

This application will be of particular interest for compounds of biological origin or 
activity, since the stereochemical relations of biologically active compounds to one another 
are of fundamental importance in their interaction. For example, it is of little more than 
academic interest to the structural organic chemist whether the conventions used for 
representing the formule of testosterone and L-alanine agree or not; but it will be quite 
impossible for a biochemist to give an adequate account of the interaction between steroid 
hormones and proteins or other asymmetric substances until the stereochemical relations 
between them are known. 

Bijvoet, Peerdeman, and van Bommell (Nature, 1951, 168, 271) have shown that the 
Fischer conventional formule for tartaric acid and related compounds represent the 
absolute configurations of these compounds. Lardon and Reichstein (Helv. Chim. Acta, 
1949, 32, 2003) have produced evidence that the steroid convention may be the converse 
of the glyceraldehyde convention. As this has not been settled, it seems better in this 
paper to make the arbitrary assumption that the present steroid formule are “‘ correct,”’ 
since other groups of cyclic compounds will be related to the steroid skeleton. 

In this paper the principles on which the rule of shift may be applied to polycyclic 
compounds are first stated for terminal rings, and evidence in support of the principles is 
brought forward; they are then extended to intermediate rings. Finally, they are applied 
to the correlation of the triterpenoids with the steroids. 

The present paper deals chiefly with trans-anti-trans-fused systems and with the 
rotational contributions of ketonic and olefinic groupings in these. It is intended that 
future papers should deal with other substituent groups, with cis-fused systems, and with 
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systems containing aromatic rings fused with alicyclic rings. A preliminary note on this 
work has already appeared (Klyne, Chem. and Ind., 1952, 172). 

Stokes and Bergmann (J. Org. Chem., 1951, 16, 1817) have recently presented some 
similar general ideas on the molecular rotations of steroid hydrocarbons; unsaturated 
compounds are considered as derivatives of enantiomeric 9-methyloctalins. They draw 
attention to similar suggestions put forward previously by Callow and Young (Proc. Roy. 
Soc., 1936, A, 157, 194). 


EXPERIMENTAL DATA 


Optical Rotations.—All values for optical rotations are molecular rotations [M] = 
[x] x mol. wt./100, and are for the sodium-pD line at room temperature (15—25°) unless 
stated otherwise. Nearly all are taken from the literature. To avoid repetition the words 
“molecular rotation '’ or ‘‘ molecular-rotation contribution ’’ are often omitted, and the 
values given in parentheses; ¢.g., “‘cholestane (+91)’’ indicates [M]p = +91°. 
Parentheses are used to avoid confusion with square brackets commonly used by 
Prof. T. Reichstein and other Swiss authors for specific rotations, [«]p. 

Concentrations.—These are generally 0-5—2%, rarely up to 5%. Barton and Cox 
(J., 1948, 783) showed that the rotations of many simple steroids in chloroform are almost 
independent of concentration. 

Solvents.—Few deliberate comparisons of rotations for steroids and similar compounds 
in different solvents have been made (see, ¢.g., Josephson, Biochem. J., 1935, 29, 1484; 
Plattner and Heusser, Helv. Chim. Acta, 1944, 27, 748; Barton, J., 1946, 1116; Barton 
and Brooks, J., 1949, 2596). These comparisons indicate that rotations in chloroform, 
ethanol, acetone, and dioxan vary sufficiently (perhaps by +-40°) to disturb calculations 
about finer points of structure (e.g., acetylation increments at C;,) of the steroid skeleton). 
The differences are not, however, sufficiently large to upset qualitative arguments based on 
the rule of shift where large values of A are involved. 

Values used for rotations in this paper refer to chloroform solutions wherever possible, 
otherwise to ethanol, methanol, acetone, or dioxan. Where it is thought necessary to draw 
attention to the use of an abnormal solvent abbreviations customary in this Journal are 
used, or occasionally special abbreviations such as Di for dioxan. 

A Values.—The difference between the molecular rotations of two compounds is called 
the A value. The molecular-rotation contributions of hydroxyl, acetoxyl, ketonic, and 
olefinic groups [A(OH), A(OAc), A(C2O), and A(C:C) values] are the differences: * ([M]p of 
compounds wjth substituent) minus ({M]p of compound without substituent). The terms 
A,, 4g, 4, are used for the differences (acetoxy — hydroxy) (benzoyloxy — hydroxy) and 
(ketone — hydroxy) respectively (cf. Barton and Jones, loc. cit.). 


DEFINITIONS AND CONVENTIONS 


Terminal Rings and Units.—A terminal ring is one attached to the rest of the system 
only by two adjacent atoms in common. A terminal unit is defined as (a) a terminal ring 
(with or without substituents) including the two ‘“‘ common ”’ atoms (I) or (0) the residues 
left when such a terminal ring is broken [e.g., by the oxidation of a ring, as in (I1)]. In (I) ° 
the terminal units are (i) the A-ring, with C;,, and C;,») and their substituents, and (ii) the 

:  CO,H 
+f iis 
UW 7 iar-CHy CO, 
| Wi Jin 
ASS ™ 
HO 


(II) 


D-ring, with C;,,, and C;,,) and their exocyclic substituents. In (II) the terminal units are 
(i) the A-ring and (ii) C;43), C¢,4) and the residue of the broken ring pb. 


* These symbols replace AO, AA, AK, and AE used previously. 
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Each terminal unit can exist in two enantiomeric forms, e.g., (III and IV). 
iI . 
(III) | (IV) 
p-Ring of (+)-equilenin fi A D-Ring of (—)-equilenin 
H H 

Formule.—(1) As stated above, all formule are represented arbitrarily in terms of the 
present steroid convention (Cjg-methyl group above the plane of the ring system). 

(2) Bonds above and below the plane of the ring system are shown by heavy and 
broken lines respectively. Bonds whose orientation is uncertain are shown by normal 
lines. 

Some of the earlier formule in this paper are shown with the rings of the triterpenoid 
skeleton arranged in the way hitherto customary (rings A and B at the top). Later formule 
{from (XX XVII) onwards] are shown in accordance with the proposals of Ames, Halsall, 
Jones, and Meakins (J., 1952, 2862), with rings A and B at the bottom to show the formal 
resemblance to the steroids. 

Nomenclature of the triterpenoids and the use of the indices “ «,’’ “‘ 8,’’ («), and (8) 
follow in general the proposals of Ames et al. (loc. cit.), although some well-established 
trivial names are used. 

(3) The terminal ring under discussion is written with the bridge bond vertical and the 
substituent at the top of the bridge in front of the general plane of the ring; e.g., (V), but 
not (VI); (VI) would be written as (VIA) 


(VI) (VIA) 

A-Type and D-Type Rings.—trans-Fused terminal rings which when written in this way 
resemble (V), with the terminal ring to the left of the bridge bond (like the A-ring of the 
steroids), will be called A-type rings. Those which resemble (VIA) (like the D-ring of a 
p-homo-steroid), with the terminal ring to the right of the bridge bond, will be called 
D-type rings. 

The Conformation and Symmetry of Terminal Rings.—trans-Fused rings. Unsubstituted 
trans-fused terminal rings have a two-fold axis of symmetry (see VII and X) (it is assumed 
here that the bridge substituents X and Y are hydrogen or methyl, which are equivalent 
for present purposes). This is a result of the conformation of the structures : 


2 





(A) 
The stable conformation of the terminal trans-fused cyclohexane ring in (VII) is a chair 
form (as shown as VIIA, where the symmetry is obvious). The formula may be written as 


WV " V 3 Oo \ NI 
VN 7 /\ U 
(VITT) (IX) 


(VIIBorC). Itis shown below (p. 2924) that the trans-2-decalones (VIII) and (IX) (2- and 
3-keto-steroids), which are of the same formal type, are indeed of the same character so far 
as molecular rotations are concerned. 


Me 
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The terminal cyclopentane ring, ¢rans-fused to a chair-type cyclohexane ring, as in (X), 
has a similar two-fold axis of symmetry. 


(A) 


cis-Fused rings. The available evidence suggests that the terminal ring of a cis-decalin 
probably takes up an asymmetrical conformation in the double-chair form of Bastiansen 
and Hassel (cf. Barton, J., 1948, 340; Experientia, 1950, 6, 316). Nothing is yet known 
about the conformations of cts-indane types, and in the present paper no assumptions on 
this point will be made. 


PRINCIPLES 


The principles are stated here for terminal rings; their application to intermediate rings 
is considered later (p. 2924). It seems most convenient to consider the molecular rotation 
of a complex polycyclic system in terms of contributions made by individual rings (or 
groups of rings where extended conjugated systems are involved); this treatment seems 
preferable to that previously employed by some authors (see, e.g., Emde, Helv. Chim. Acta, 
1930, 13, 1035; Fieser and Fieser, ‘‘ Natural Products related to Phenanthrene,’’ Reinhold 
Publ. Corpn., New York, 3rd. edn., 1949, pp. 211 ef seg.) in which an attempt is made to 
allot rotational contributions to individual bridge atoms. 

(1) The molecular-rotational contribution of a terminal unit is very roughly in- 
dependent of the nature of the rest of the molecule, provided that the penultimate ring 
is a saturated unsubstituted cyclohexane ring. 

(2) The two enantiomeric forms of a terminal unit A and A’ (cf. III and IV) have 
rotational contributions of opposite sign, often of the same order of magnitude, say, (-+-a). 
The molecular-rotational difference (A value) between two related terminal units A and B 
(say, a — 6) is of opposite sign (and usually of the same order of magnitude) as the A 
value between the two enantiomeric units A’ and B’ (say, —a + b). 

(3) Unstrained saturated polycyclic hydrocarbons, composed of fused cyclohexane and 
cyclopentane rings in patterns generally similar to those of the steroids, and with no 
substituents other than methyl or ethyl groups, have small molecular rotations; for the 
present purposes these are often negligible. 

(4) Replacement of non-angular hydrogen atoms by methyl groups in a polycyclic 
hydrocarbon makes little difference to the rotational contribution of a terminal unit. 
Data regarding angular methyl groups are insufficient to permit generalisation, but it 
appears that the introduction of an angular methyl group does not change the sign of the 
rotational contribution of a terminal unit. 


APPLICATION TO TERMINAL RINGS: EVIDENCE IN SUPPORT OF THE PRINCIPLES 


Independence of Rotational Contributions of Terminal Units.—The prolonged studies by 
Barton and his colleagues (J., 1945 to date) and Bernstein, Wallis, and their colleagues 
(J. Org. Chem., 1941, 6, 319; 1942, 7, 103; 1946, 11, 646) provide a mass of evidence in 
support of the principles within the group of the steroids. In the present connexion it is 
appropriate to note that the rotational contributions of groups in the D-ring of the steroids 
are not greatly altered in the cestrone and the equilenin series, where the A- or (A +- B)-rings 
are aromatic (Table 1). 

Further examples may be found in the tricyclic steroid degradation products of the 
perhydrophenanthrene series (XI; X = Me) studied by Billeter and Miescher (Helv. 
Chim. Acta, 1950, 33, 388), including Késter and Logemann’s acetoxy-ketone (Ber., 1940, 
73, 298) and Reich’s diketone (Helv. Chim. Acta, 1945, 28, 892). 
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TABLE 1. Rotational differences for the D-ring in partially aromatic steroids. 


(Values for the saturated series are for androstan-38-ol derivatives.) 


Substituents in D-ring (at C,,,) unless (Estrone Equilenin Saturated 


otherwise stated) 


Ketone 

B-COMe 

a-OH; B-COMe 

16 : 17-ene 

p-Homo-series, ketone at C;,7,) 


p-OAc — p-OH 
Ketone — a-OH 


” sE ae 

B-COMe — CH, 

a-OH; B-COMe — CH, 

16: 17-C:C — CH, 
p-Homo-17a-ketone — 17-ketone 


series 
{M\p Values 


series series 
0 
50° 

+ 31° 

+ 14* 
+261 
+ 305 
+ 104 
+ 30 
200 


17 
+311 
+ 230 
+261 
+305 
+ 104 
+ 30 
— 461 


* Calc. from compounds without 3f8-OH. 

+ Value for 3-acetate; acetylation of a phenolic hydroxyl in this series makes little difference to 
[M]p. 

1, Prelog, Ruzicka, and Wieland, Helv. Chim. Acta, 1945, 28, 250. 2, Ruzicka, Prelog, and Meister, 
ibid., p. 1651. 3, Whitman, Wintersteiner, and Schwenk, /. Biol. Chem., 1937, 118, 789. 4, Barton 
and Klyne, Chem. and Ind., 1948, 755. 5, Djerassi, Rosenkranz, Romo, Kaufmann, and Pataki, /. 
Amer. Chem. Soc., 1950, 72, 4534. 6, Wintersteiner, Schwenk, Hirschmann, and Whitman, ibid., 1936, 
58, 2652. 7, Kosenkranz, Kaufmann, and Romo, ibid., 1949, 71, 3689. 8, Deulofeu and Ferrari, 
Z. physiol. Chem., 1934, 226, 192. 9, Sandulesco, Tchung, and Girard, Compt. rend., 1933, 196, 137. 
10, Barton, J., 1946, 1116. 11, Goldberg and Studer, Helv. Chim. Acta, 1942, 25, 1556. 12, Goldberg 
and Monnier, ibid., 1940, 23, 376. 13, Prelog, Ruzicka, and Wieland, ibid., 1944, 27,66. 14, Djerassi, 
Rosenkranz, Iriarte, Berlin, and Romo, /. Amer. Chem. Soc., 1951, 78, 1523. 15, Barton and Cox, 
J., 1948, 783. 16, Reichstein and GAatzi, Helv. Chim. Acta, 1938, 21, 1497. 17, von Euw and 
Reichstein, ibid., 1941, 24, 418. 


TABLE 2. Rotational differences in the perhydrophenanthrene series. 


All compounds are numbered as for steroids. Refs.: standard values for steroids (4), see Table 1; 
for perhydrophenanthrenes, (18) Billeter and Miescher, Helv. Chim. Acta, 1950, 33, 388.) 





Standard 
values 


A Values in perhydro- 
phenanthrene series 
(XI; X = Me) 


Change 


5a-Compounds. 
3B-OAc — 38-OH (A,) 
3CO — 3B8-OH (A;) 
5B-Compounds. 
3B-OAc — 38-OH (A,) 
3CO — 38-OH (A;) 
3a-OAc — 3a-OH (A,) 
3CO — 3a-OH (A;) 
5-Ene compounds. 
38-OAc — 38-OH (A,) 
3-CO,4-ene — 38-OH,5-ene (A;) 
38-OH,58 — 38-OH,5a 
38-OAc,58 — 38-OAc,5a 
3CO,58 — 3CO,5a 


-—60°, —48° * 


* These values are for 12(13)-enes. 
+ For compounds of types (XII and XIII), A 


+74° and +59° respectively. 

The data in Table 2 show that complete removal of the D-ring has no major influence 
on A values in the C;,,—-C;;) area. For convenience in comparison with the steroids, steroid 
numbering is used for these compounds, as in (XI). [At Pinder and Robinson's suggestion 
(J., 1952, 1224) these compounds may be called des-p-androstan-14-ones. } 





(1952) Polycyclic Compounds. Part I. 2921 


Enantiomeric Units have Rotational Contributions of Opposite Sign.—(A) The a and b- 
homo-rings of steroids. These are enantiomeric units. If we consider A—B-trans- and c-D- 
trans-compounds (XIV and XV), 1-keto- and 2-keto-units are the enantiomers of 17a-keto- 


. ie x CO,H 9 
f Om % CO,H Cd 
am ¢ 7\/No 


(XT) (XII) (XII) 


and 17-keto-units respectively. This is seen from (XIVA) and (XV4A) (perspective views 
from beyond the bonds from Ci) to Cag and from C,,4) to Ci,3) respectively), or from the 
Fischer-type projections (XIVB and XVB). 


uA 
\ow 

ae) 

(XIVA) 


(XIVB) ' 4 (XVB) 


The rotational contributions of the keto-groups concerned are : 
A(C:0-1) +-67° A(C:0-17a) -153 
A(C°0-2) +98°, +64° A(C:0-17a) — 168° 
A(C:O0-1) is of opposite sign to A(C:O-17a) and of the same order of magnitude; the same is 
true of A(C:O0-2) and A(C:O-17). 

Refs. : cholestan-l-one, Ruzicka, Plattner, and Furrer, Helv. Chim. Acta, 1944, 27, 727. 
cholestan-2-one, idem, ibid., p. 524; Fiirst and Plattner, ibid., 1949, 32, 275; androstane-2 : 17- 
dione, Djerassi, Yashin, and Rosenkranz, J. Amer. Chem. Soc., 1950, 72, 5750; p-homo-ketones, 
Goldberg and Wydler, Helv. Chim. Acta, 1943, 26, 1142 and subsequent references. 


(B) The A-nor- and D-rings of steroids. These five-membered rings provide excellent 
examples in support of the principles. 2-Ketones of the A-norcholestane series (XVI) and 
16-ketones of the ordinary trans-c—D-series (XVII) are enantiomeric types. The A values 


R » H 


eh 
oY 


(XVITT) 


with respect to the corresponding trans-indane (or trans-decalin) types are of opposite sign 
and very large (see Table 3). (It is necessary to calculate some of the values with respect 
to the trans-decalin type since few A-nor-hydrocarbons are known. However, evidence 
given in the following section shows that the differences in rotation between corresponding 
trans-decalin and trans-indane types are negligible.) 

It may be noted that the two simple (+)- and (—)-trvans-8-indanones (Barrett and 
Linstead, J., 1935, 1069; Hiickel, Sachs, Yantschulewitsch, and Nerdel, Annalen, 1935, 
518, 155) have very large A(C°O) values of the same order as the A values quoted in Table 3 
(ca. + 450°). 

Rotations of Saturated Polycyclic Hydrocarbons.—Section (A) of Table 4 gives rotations of 
some steroid hydrocarbons, which are saturated and carry no substituents other than 
methyl groups; all are small values. They show, first, that the difference between cis- and 
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trans-decalin-type terminal rings is negligible, and secondly, that the difference between 
trans-decalin and trans-indane types is also negligible. 


TABLE 3. Rotations of trans-indan-2-one types. 
Values are differences between indan-2-one and indane (a), decalin (b), or decalol (c).) 
(M)p 





‘ 


Indan-2- 
one Indane Decalin 2-Decalol A Value Refs. 
(i) A-Nor-2-keto-steroids. 
a-Norandrostan-2-one + 462° + §° + 3 +457°(b) 2, 13,2 
A-Norergostan-2-one +417 - — +64 +353 (c) 19, 20 
A-Nor-2-ketone from uzarigenin +520 - } +72 +437 (b) 21 
(ii) 16-Keto-steroids. 
38-Hydroxyandrostan-16-one { “aa + ¢ t (== } (a) 22, 
3a: 12a-Dihydroxy-58-androstan- — 330 - ‘ - “= — 464 (a) 
16-one 
38 : 208-Diacetoxy-5a-pregnan-16- — 406 + Sf —495 (a) 
one 
3-Hydroxyeestratrien-16-one —235 +22 : —463 (a) 


(iii) A-Nor-2-keto-triterpenoids derived from : 


Methy] oleanolate aoe +348 H ats} (c) : 


+374 
** Oxyallobetulin ”’ v - +218 +400 (c) 
Methy] dihydrobetulinate - — - 90 +478 (c) 
Hedragonic lactone t + 46 +120 - +370 (b) 
Dihydrolanosterol 5 - + 260 +255 (c) 

* Calc. from tables of standard values (4). 

+ This compound has only one Me at C,,). 

t Calc. from hedragonic lactone (+194) by subtraction of A(C:O-2) (+74), see Table 7. 

1, 2, 13, See Table 1. 19, Reindel, Annalen, 1928, 466, 131. 20, Reindel, Walter, and Rauch, 
ibid., 1927, 452, 34. 21, Tschesche, Z. physiol. Chem., 1933, 222, 50. 22, Huffman and Lott, /. 
Amer. Chem. Soc., 1951,'78, 878. 23, Heard and McKay, J. Biol. Chem., 1939, 181, 371. 24, Marshall 
and Gallagher, J]. Amer. Chem. Soc., 1949, 71, 2325. 25, Hirschmann, Hirschmann, and Daus, /. 
Biol. Chem., 1949, 178,751. 26, Klyneand Barton, J]. Amer. Chem. Soc., 1949, 71, 1500. 27, Kitasato, 
Acta Phytochim., Tokyo, 1937, 10, 199. 28, Ruzicka and van der Sluys-Veer, Helv. Chim. Acta, 1938, 
21, 1371. 29, Barton and Jones, J., 1944, 659 (summary with full references). 30, Dischendorfer and 
Polak, Monatsh., 1929, 51, 43. 31, Ruzicka, Brenner, and Rey, Helv. Chim. Acta, 1941, 24, 515. 
32, Ruzicka, Jeger, and Norymberski, ibid., 1944, 27, 1185. 33, Idem, ibid., 1943, 26, 2242. 34, 
Ruzicka, Rey, and Muhr, ibid., 1944, 27, 472. 


Further values, supporting these comparisons, together with a value for a cis-indane 
type, are provided by cholestane and related compounds, including the A-nor-hydrocarbons 
{section (B) of Table 4]. 

Rotations for some saturated triterpenoid hydrocarbons are given in section (C) of 
Table 4. 


TABLE 4. Rotations of saturated hydrocarbons. 
(Mp Refs. 
(A) Steroids carrying only methyl —— (C) Triterpenoid hydrocarbons. 
Androstane p 13 Oleanane (8-amyrane) 


58-Androstane 35 Heterolupane 
p-Homoandrostane $ 36 


(B) Cholestane and related hydrocarbons. Zeorinane 
Cholestane 

58-Cholestane 

A-Norcholestane 

58-a-Norcholestane 


For the ¢rans-indanes Barrett and Linstead (/oc. cit.) found +15°. 

13, 15, See Table 1. 35, Shoppee, Helv. Chim. Acta, 1944, 27, 246. 36, Goldberg and Wydler, 
ibid., 1943, 26, 1142. 37, Mauthner, Monatsh., 1909, 30, 635. 38, Lettré, Z. physiol. Chem., 1933, 
221,73. 39, Ruzicka and Jeger, Helv. Chim. Acta, 1945, 28,1178. 40, Jeger and Lardelli, ibid., 1947, 
30, 1020. 41, Jeger, Montavon, Novak, and Ruzicka, ibid., p. 1869. 42, Heilbron, Kennedy, and 


Spring, J., 1938, 329. 43, Ames, Halsall, and Jones, /., 1951, 450. 44, Barton and Bruun, /,, 
1952, 1683. 
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Effect of Methyl Groups.—(A) Non-angle methyl groups. Evidence from many types of 
compounds shows that the substitution of hydrogen (not at a ring-junction) by methyl 
makes little difference to the molecular rotations of hydrocarbons and ketones. Data are 
summarized in Table 5. Consideration of the effect of methyl groups on the rotational 
contributions of hydroxy- and acetoxy-groups is not simple (cf. Barton and Jones, /oc. cit.), 
but it is hoped to deal with this in a subsequent paper. 


TABLE 5. Effect of non-angular methyl groups on rotations. 
eo [M)p values 
Position of ,- ea 
substituent with Me without Me A 
Type and compound Me (a) (b) (a — b) 
Androstane : 
Androstan-3a-ol 2¢ + 10 
Androstan-3£-ol + 0 
Androstan-3-one . § + 76 
p-Homoandrostane { - 9 
Cholesta-3 : 5-diene 9% ~453 
17-Keto-steroid : 
38-Acetoxyandrost-5-en-17-one + 6 
17a-Keto-b-homo-steroid : 
p-Homoandrostane-3 : 17a-dione 81 +15 50, 51, 36 
38-Acetoxy-D-homoandrostan-17a-one -107 ~156 + 46 52, 53 
Perhydrophenanthrenes {see formula XI; 
steroid numbering; A(—)-series] : 
3-ol-14-one { — 108 — 91 -17 54 
3 : 14-dione — 50 — 33 —17 
2, 15, See Table 1. 36, See Table 4. 45, Ruzicka, Meister, and Prelog, Helv. Chim. Acta, 1947, 
30, 867. 46, Ruzicka and Meldahl, ibid., 1940, 23, 364. 47, Musgrave, J., 1951, 3121. 48, Schoen- 
heimer and Evans, J]. Biol. Chem., 1936, 114, 567. 49, Julian, Meyer, and Printy, J. Amer. Chem. 
Soc., 1948, 70, 3872. 50, Klyne, Biochem. J., 1948, 48, 611. 51, Idem, Nature, 1950, 166, 559. 
52, Prins and Shoppee, J., 1946, 494. 53, Goldberg and Monnier, Helv. Chim. Acta, 1940, 28, 376. 
54, Cornforth and Robinson, J., 1949, 1855. 





(B) Angle (ring-junction) methyl groups. The following facts indicate that the rotational 
contributions of ketone and similar groups retain the same sign when an angle methyl 
group (t.e., a methyl group at a ring-junction) is replaced by a hydrogen atom of the same 
configuration. 

19-Nor-analogues (XVIII; R =H) of the hormones testosterone and progesterone 
(XVIII; R = Me) have recently been prepared (Birch, J., 1950, 367; Birch and Smith, 
J., 1951, 1882; Miramontes, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1951, 73, 
3540). All the available evidence suggests that the 19-nor-compounds are true analogues 
of the common A*-steroids, #.e., that the C,,9)-H is 8. Birch and Smith point out that the 
19-nor-compounds, which are formed under conditions of reversible proton addition, must 
be the isomers at Cig) of lower energy-level, and therefore presumably the C,,9)-H is trans 
to the Cy)-H, 2.e., is 8. 

Furthermore, the nor-compounds have physiological activity similar to that of the 
natural hormones, from which it seems very probable that the molecular configuration is 
essentially the same as that of the natural products. The molecular model of a 10«-19-nor- 
A‘-steroid differs greatly in the shape of the A—B-rings from that of the natural A*-steroids ; 
it seems most improbable that the 10a-19-nor-compounds could have the physiological 
activities for which the A*-3-ketone grouping is essential. 

The rotations are as follows : 

af-Unsaturated ketones (XVIII) | Compounds with saturated 
“ Aa . hydrocarbon grouping 
natural, R = Me 19-nor, R= H at C.,,-C,,, and 19-methy] 
Testosterone +340° +184° 
Progesterone +631 +441 
Refs. : Birch, Miramontes et al., locc. cit.; Barton and Cox, loc. cit.; Romo, Romero, Djerassi, and 
a J. Amer. Chem. Soc., 1951, 78, 1528; Rosenkranz, Kaufmann, and Romo, ibid., 1949, 
19-Nor-A‘-3-ketones, like the ordinary A*-3-ketones, have a positive rotational 
contribution for the 4-en-3-one grouping, although it is only about one-half as large as in 
the natural 10-methy] series. 
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Further evidence may be obtained from the A-ring ketones of the common A-B-érans- 
steroids. If a 4-ketone and a 1-ketone of the cholestane series (XIVA and XIXA; XIVB 
and XIXB) are compared, it is seen that (except for the methyl group in the 1-ketone) they 
are of the same enantiomeric type. In fact the rotational contributions of l- and 4-keto- 


Q H,¢ 
*o 5" H 
bh c—c 
\ 9 {1 12 
| Og 


Os O19 ad 
(XIVA) (XIXA) (XIVB) (XTX) 


groups are of the same sign; this is also true of the similarly related pair of 2- and 3-keto- 
groups. 

A(CI0-1) 4.67 A(C0-4) 425° 

A(C0-2) +98, +64 A(C:0-3) +71 


Refs. : 1- and 2-ketones, see p. 2921; 3-ketones, Barton and Cox, /oc. cit.; 4-ketones, Ruzicka, 
Plattner, and Furrer, Helv. Chim. Acta, 1944, 27, 727. 


APPLICATION OF THE RULE OF SHIFT TO INTERMEDIATE RINGS 


When it had been found that the rule of shift could be applied to the enantiomeric 
terminal rings of steroids and that its application to the triterpenoids (see p. 2919) gave four 
mutually consistent pieces of evidence linking the stereochemistry of these compounds with 
that of the steroids, attention was turned to the intermediate or middle rings of these 
compounds. 

No true enantiomeric types exist in the B- and the c-ring of the steroids (XX), since the 
D-ring is five membered and the A-ring six-membered. However, these rings are of some- 
what similar but enantiomeric types. This is seen if rings B and C are placed with their 
CH,—CHg groups in corresponding positions (XXI and XXII). 


(XXT) (XXII) 


The A values for the introduction of ketonic and olefinic groupings into rings B and « 
are of opposite sign, although quantitatively the agreement is poor (see Table 6). 


TABLE 6. Comparison of molecular rotation differences in the B- and the c-ring of the steroids. 
(Values in the B-ring are for a—B-trans-compounds.) 
B-Ring c-Ring 
A(C:0-6) —110 A(C{0-12) +270 
A(C:0-7) — 230 A(C:O-11) + 80 
A(C:C-5) —300 . 
A(C°C-6) ~440,-415 A(C:C-11) + 30 55, 56, 60a, 4 
A(C:C-7) — 70 A[C:C-9(11)} +50, +100 4 
A[C:0-7; C:C-8(9)} —190 to —270 A[C:0-11; C2C-8(9)) +380, +500 57, 58, 59, 60 
4, See Table 1. 55, Barton and Rosenfelder, J., 1949, 2459. 56, Wintersteiner and Moore, /. 
Amer. Chem. Soc., 1950, 72, 1923. 57, Fieser, Herz, and Huang, ibid., 1951, 78, 2397. 58, Djerassi, 
Mancera, Stork, and Rosenkranz, ibid., p. 4496. 59, Heusser, Eichenberger, Kurath, Dallenbach, 
and Jeger, Helv. Chim. Acta, 1951, 34, 2106. 60, Heusser, Heusler, Eichenberger, Honegger, and 
Jeger, tbid., 1952, 35, 295. 60a, Fischer, Lardelli, and Jeger, ibid., 1951, $4, 1577. 


Each intermediate ring (in an angular trans-anti-trans-linked array of cyclohexane rings) 
may be considered as of A or D type with respect to its two neighbours. Steroid ring B is 
of D type with respect to A, and also of D type with respect to c (see XXIII and XXIV). 
Steroid ring c is of A type with respect to B and to D. 
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All A-type trans-decalones and trans-octalins have positive A values, and the corre- 
sponding D-type compounds (where known) have negative A values (reference values in 


H 


Me 
oy oe, (XXIV) 
is V, ys 


Barton and Klyne, Joc. cit. and p. 2921). The values in Table 6 are all in agreement 
with these (cf. Stokes and Bergman, Joc. cit.). 

It therefore seems permissible to extend the rule of shift to intermediate rings if true 
analogies are available and if no substituents likely to cause serious vicinal action are 
present. This means that the linking of the ring or rings under consideration with their 
neighbours must be of the same type (trans-anti-trans in most cases) and that the only 
substituents in the neighbouring rings should be alkyl radicals or other groups which 
make only small contributions to the molecular rotation. 


(XXIII) 





CORRELATION OF THE STEREOCHEMISTRY OF THE TRITERPENOIDS WITH THAT OF 
THE STEROIDS 


The a and the B Rings.—Evidence for the trans-fusion of the A and the B ring in the 
triterpenoids has recently been summarized by Barton and Holness (j., 1952, 78). The 
formula of the A and the B ring of the triterpenoids resembles closely that of the same area 
in the steroids; compare the oleanane ($-amyrane) structure (usually written, in part, as 
XXV; may be rewritten as XXVA) with the androstane skeleton (XXVI)._ The ring union 


Me Me Me Me 
% y- 6: 


(XXVC) (XXVI) 


is trans in each case, the angle methyl group on this bridge is in a similar position, and the 
only essential difference is the gem-dimethy] group at C;,) in the triterpenoid (X XV). 

The question remains whether the triterpenoid is to be represented by (XXVA; with 
C;methyl behind the plane of the ring system), or its enantiomer (XXVB; with C,.- 
methyl in front of the plane). On the assumption that the usual steroid convention 
(Cqq)-methy] in front of the ring system) is “ correct,’’ the rule of shift as discussed in the 
preceding sections of this paper shows that (XXVB = C) is “ correct."’ The evidence is 
as follows. 

Comparison of trans-indan-2-one types. The keto-groups in steroids of these types (A 
and D) have large positive and negative rotations respectively (see p. 2922). It has also 
been shown (p. 2922) that there is no significant difference between tvans-indane and trans- 
decalin types as reference substances; furthermore, the rotational contribution of a 
hydroxyl group at Cj, (AOH-2) in the triterpenoid skeleton is small (mean of 5 values, 
0; range —32 to +36). 


Me Me Me Me 
AVY &4 o> YY 
PO x @* 
VEN i AN Ai\S 
H H H 
(XXVIIA) moa 4 mia (XXVIID) (XXVIIID; 


H or OH) X = H or OH) 


We may therefore say that the A value of (XXVIIA — XXVIIIA) has a large positive 
value (ca. +400), whilst the A value of (XXVIID — XXVIIID) has a large negative value 
(ca. —500). 2-Keto-a-nor-triterpenoids of type (X XIX) have been obtained by oxidation 
of 2-ketones to 2 : 3-seco-acids, and ring-closure of these. Table 3 (part iii) shows that the 
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A values between these 2-keto-a-nor-compounds and the triterpenoid hydrocarbons or 
alcohols of type (XXX; X = H or OH) are all very large positive values, of the same order 
as the difference for 2-keto-A-nor-steroids. Thus the A-nor-triterpenoids (XXIX) are 
compounds of the enantiomeric type (A); (XXIX) should therefore be written as (XX XI), 
or as (XXXII), if steroid conventions are followed. 


\VH H ry 
X XY AV LV 


ite, si o 
| | o= = ous" 2 
\A/< YN N\A \4\ 
Me | Me Me H 
(X XIX) (XXX) (XXXI) (XXNIT) 
The A-B-ring union in the natural triterpenoids should therefore be written as in (XXVB 
or C), and not as in (XXV) or (XXVA). 
trans-Decalone types. 2-Ketones of the triterpenoid series (XX XIII) are analogous 
to 3-keto-steroids (A-B-trans; XXXIV), except for the gem-dimethyl group at C,. 
Similarly 4-keto-triterpenoids are analogous to 1-keto-steroids. The A(C:O) values of 
these compounds are compared in the first two sections of Table 7. 
Me Me Me oO H 


N 
NV ANY VW NY H | Me! } . 
Moet Ar @ | VA 
c. 4 6M, ys 7 HH 
N4% . | od 
(XXXII) (XXXIV) (XXXV) (XXXVI) 
trans-A?-Octalin types. A®-Triterpenoids may be compared with cholest-2-ene (third 
section of Table 7). 
af-Unsaturated ketone types. A further comparison may be made between the 
unsaturated ketones of the type studied by Billeter and Miescher (loc. cit.) and the lup-2- 
en-4-one of Jeger, Montavon, Novak, and Ruzicka (Helv. Chim. Acta, 1947, 30, 1869). 
The A values for the change (XXXV — XXXVI) are given in the last section of Table 7. 
The agreement in sign for all A values in the two series [all A(C7O) and A(C:C) values 


TABLE 7. Other A values in the A-rings of the triterpenoids and steroids. 
Triterpenoids 
M\p 





. Steroids (comparable 
with without A structures; refs. 
substituent substituent value Refs. in parentheses) 
trans-2-Decalones. 
a-Amyrone +465 }-390° + 175° ; Cholestan-3-one, A(C:O-3), 
B-Amyrone (olean-12-en-2-one) +454 + 64 29, 62 +70° (4) 
Lupan-2-one + 68 - 5 + 84 
Lupenone +259 +144 
Methy!] betulonate +150 - +141 
2-Keto-oleanan-28-oic acid ... +160 5 +125 
trans-1-Decalone. 
Lupan-4-one +149 +165 Cholestan-l-one, A(C:O-1), 
+67° (65) 
trans-A?-Octalins. 
a-Amyrilene-II +572 +182 2, Cholest-2-ene, A(C:C-2), 
B-Amyrilene-II (olean-2 : 12- +139° (55) 
diene) +580 +390 +190 
Lup-2-ene + 57 — 16 + 73 


aB-Unsaturated ketones. (aB-Unsatd.) (Satd. ketone) Perhydrophenanthrenes 

Lup-2-en-4-one  ...............06. +195 +149 + 46 (XXXV—XXXVI); 6 
examples, mean A value, 
+43° (range +5° to 
474°) (18) 

4, See Table 1. 18, See Table 2. 29, See Table 3. 41, See Table 4. 55, See Table 6. 61, Barton 
and de Mayo (unpublished). 62, Winterstein and Stein, Annalen, 1933, 502, 223. 63, Ruzicka, 
Muller, and Schellenberg, Helv. Chim. Acta, 1939, 22, 758. 64, Ruzicka and Rey, ibid., 1941, 24, 529. 
65, Ruzicka, Plattner, and Furrer, ibid., 1944, 27, 727. 66, Dietrich and Jeger, ibid., 1950, 38, 711. 
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positive] confirms the allotment of configurations made for the triterpenoids on the basis of 
the previous argument.t 
Indan-1-one types in the triterpenoids. Proof of cis-union. Ruzicka, Jeger, and their 
colleagues (Ruzicka, Montavon, and Jeger, Helv. Chim. Acta, 1948, 31, 819 and 
Me 
Os0,, 


\\ then 
“4 \- Pb(QAc), 


CMe, O 
(XXXVII) (XXXVIII) (XX XIX) 
earlier papers) have developed a general method by which the. six-membered a-ring of a 
triterpenoid may be changed to a five-membered ring, with the loss of the gem-dimethy] 
group (represented by XXXVII, XXXVIII, XXXIX). 
It has never been stated whether the indan-l-ones of type (XX XIX) have a cis-A-B- 
union, which would involve epimerization at Cig) at some stage. Analogy with simpler 


Me 


| H 


O 
(XL) (XLT) (XLIT) 


compounds suggests that the cis-union would be stable here (cf. Hiickel et al., loc. cit.) ; 
Barton and Thomas (personal communication) have recently shown that the indan-l-one 
prepared thus from dihydrolanosterol is indeed stable to alkali. 

The rule of shift shows that (XX XIX) must be a cis-compound (XL) and not the trans- 
isomer (XLI). The latter is the A-type analogue of a 17-keto-steroid [D-type; A(C:0), 


TABLE 8. Rotations of cis-indan-1-one types. 
[A Values are differences between cis-indan-l-one and trans-decalin (a) or trans-2-decalol (b) 
(Mp 
cis- trans- trans- A 
Indan-l-one Decalin 2-Decalol Value 





oo 


Steroids 
A-Nor-compounds from : 
, _ «ge > + 382° (a) 2,13 
Androstan-38-ol +387 i { 4387 (b) 
3a-Hydroxy-12-ketocholanic acid... + 665 +321 (a) 67, 4 
Triterpenoids 
A-Nor-com pounds from : 
a-Amyrenonol +925 -- +445 (b) 68, 69 
Dihydrolanosterol +768 - y +508 (b) 70, 34 


Lupan-2" B’ +410 1487 (5) 71. 4, 42 
18(a)-Oleanolic lactone +503 + £ +444 (b) 72, 7 

* Calc. from tables of standard values (ref. 4). 

2, 4, 13, See Table 1. 34, See Table 3. 42, See Table 4. 67, Wieland and Kulenkampff, Z. 
physiol. Chem., 1919—20, 108, 295. 68, Ruzicka, Jeger, and Volli, Helv. Chim. Acta, 1945, 28, 767. 
69, Spring and Vickerstaff, /., 1937, 251. 70, Ruzicka, Montavon, and Jeger, Helv. Chim. Acta, 1948, 
$1, 818. 71, Ruzicka, Jeger, and Huber, ibid., 1945, 28, 942. 72, Ruzicka, Rudowski, Norymberski, 
and Jeger, ibid., 1946, 29, 210. 73, Barton and Holness, J., 1952, 78. 


+250] and would have a large negative A(C°O) value. The isomer (XL) is, so far as its 
A- and B-rings are concerned, the same as the A-nor-3-keto-steroids of the A—B-cis-series 
(XLII) and so, whatever conformation is favoured for such a structure, the two types of 

+ [Added in proof.) Voser, White, Heusser, Jeger, and Ruzicka (Helv. Chim. Acta, 1952, 35, 830) 


have prepared from lanostadienol an unsatuated ketone of 2-keto-A"-type without the gem-dimethy] 


group in ring A, which is exactly analogous to a 3-keto-A‘-steriod and shows the expected large positive 
rotation. 
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TABLE 9. Rotational differences for the intermediate rings of the triterpenoids and steroids. 
References for the saturated triterpenoids are: oleanan-2-ol and acetate, 39; oleanan-2-ol-28-oic 
acid and derivatives, 66. References for steroid A values, 4; 55, 56, 60a for A(C:C-6). [M)p Values for 
triterpenoid acids are for methyl esters, except where marked (a). Barton and Jones (29) have shown 
that the difference in [M)}p between an acid and its methy] ester is negligible. Al] oleanane derivatives 
are 18(8) unless stated otherwise; all 2-hydroxy-groups are 2° £.”’ 


Triterpenoids (XLV) 


[M]p 
. mene ~ Steroids (XLVI) 
with without P Paes a 
Type and compound substituent substituent A Value Refs. Type A Value 
10-Ene 7-Ene —70 
Olean-10-en-2-yl acetate +360 + 99 +261 , Enantiomeric type; A 
Olean-10-en-2-ol-28-oic acid +193 + 80 +113 values, opposite sign 
a acetate ... +226 + 87 +139 
12-Ene 5-Ene —300 
Olean-12-en-2-ol +379 77 +302 Enantiomeric type; A 
- acetate ... +384 99 +285 F values, opposite sign 
Olean-12-en-2-ol-28-oic acid +348 80 + 268 7 
~ acetate ... +348 + 87 +261 
15-Ene 6-Ene —440 
Oleane-12 : 15-dien-2-o0l-28-oic acid + 84 +348 ~ 264 . Same type; A values, 
pe ce acetate +102 +348 -~246 same sign 
10 : 12-Diene 5 : 7-Diene —540 
Oleane-10 : 12-dien-2-yl acetate ... +1540 + 99 +1441 , 78 Enantiomeric type; A 
value, opposite sign 











+920 (a) + 69 (a) +851 
+950 

11 : 13(18)-Diene 3: 5-Diene — 550 
Oleane-11 : 13-(18)-dien-2-ol] ¢ — 305 7 2 ~ Same type; A values, 

es . acetate ¢ —289 - Of » £9 same sign 

Oleane-11 : 13(18)-dien-2-ol-28-oic 

acid —645 
Oleane-11 : 13(18)-dien-2-ol-28-oic 

acetate — 653 + 

11-One 7-One — 230 

2-Acetoxyoleanan-11-one - Enantiomeric type, but 
A values same sign 

2-Acetoxyoleanan- 1 1-on-28-oic Anomalous 


Oleane-10 : 12-dien-2-o0l-28-oic acid 


6-One —110 
Oleanan-2-ol-12-one i - —192 15 Enantiomeric type, but 
-172 5 3 A values same sign 
Anomalous 


Oleanan-2-ol-12-on-28-oic acid L go 93 
- acetate : ad cca 
16-One 7-One — 230 
Olean-12-en-2 : 16-dion-28-oic acid 87 Same type; A values, 
2-Acetoxyolean-12-en-I6-one ...... +125 — 25¢ } 88 same sign 
Olean-12-ene-2 : 16-dione 
12-En-1l-one 5-En-7-one —500 
Olean-12-en-11-on-2-ol + - +37 Enantiomeric type; A 
77, 81 values, opposite sign 
”» acetate 
Olean-12-en-11l-on-2-ol-28-oic acid 
+8 85 
10-En-12-one 5-En-7-one — 500 
-Acetoxyolean-10-en-12-on-28-oic Enantiomeric type; A 
73 values, opposite sign 
* The corresponding 18-(a)-compound (D-£ trans) has + 226° (ref. 73). 
+ The corresponding 18-(a)-compound (D—E trans) has + 442° (ref. 73). 
¢ A Values for these compounds may also be calculated from 18-(a)-oleanan-2-ol and its acetate 
as reference compounds. For [M]p of these, see Table. 11. A values are —459°, —491°. 
4, See Table 1. 29, See Table 3. 65, 66, See Table 7. 73, See Table 8. 74, Jeger and Ruzicka, 
Helv. Chim. Acta, 1945, 28, 209. 75, Budziarek, Johnston, Manson, and Spring, /., 1951, 3019. 
76, McKean, Manson, and Spring, J., 1952, 432. 77, Beynon, Sharples, and Spring, J., 1938, 1233. 
78, Picard, Sharples, and Spring, /., 1939, 1045. 79, Kitasato, Acta Phytochim., Tokyo, 1935, 8, 315. 
80, Ruzicka, Miller, and Schellenberg, Helv. Chim. Acta, 1939, 22, 767. 81, Idem, ibid., p. 758. 82, 
Kitasato, Acta Phytochim., Tokyo, 1934—5, 8, 207; 1936—7, 9, 43. 83, Ruzicka and Cohen, Helv. 
Chim. Acta, 1937, 20, 804. 84, Barton and Brooks, J., 1951, 257. 85, Ruzicka, Cohen, Furter, and 
van der Sluys-Veer, Helv. Chim. Acta, 1938, 21, 1735. 86, Frazier and Noller, J. Amer. Chem. Soc., 
1944, 66, 1267. 87, White and Noller, ibid., 1939, 61, 983. 88, Jeger, Montavon, and Ruzicka, 
Helv. Chim. Acta, 1946, 29, 1124. 
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compound should have A(C:O) values of the same sign. The A-nor-3-keto-steroids (A—B 
cis; XLII) have large positive A(C:O) values, and so have the triterpenoid compounds, 
which are therefore of type (XL), with a cis-union (see Table 8). 

It may be pointed out that the agreement between the A value for the nor-ketone from 
dihydrolanosterol and those for other A-nor-triterpenoid ketones indicates that the stereo- 
chemistry of the A-—B-ring area in the lanosterol group is the same as in the pentacylic 
triterpenoids. 

The Intermediate Rings of the Oleanane Triterpenoids.—Recent work has shown that the 
ring unions of the oleanane (8-amyrane) group of triterpenoids are either (more probably) 
trans-anti-trans. anti-trans-syn-cis (as XLIII) or (less probably) trans-syn-cis-syn-trans-syn- 
cis (as XLIV) (Barton and Holness, loc. cit., g.v. for other references). 


(XLVI) 


The c- and the D-ring of the triterpenoids. Oleanane (XLIII) may be rewritten (XLV), in 
which rings DCB are of enantiomeric type to rings ABc of the steroids (A-B trans-series) 
(XLVI). Comparison of molecular rotation differences for many olefinic, ketonic, and 
conjugated groups in the two series shows that, in all but two cases, the A values in the 
triterpenoid series are of the sign which would be predicted for (XLV) from the known 
A values for steroids (see Table 9). Often the A values in the two series are of the same 
order of magnitude. There is at present no explanation for the anomalous A values for 
11- and 12-keto-triterpenoids. 

Triterpenoids of the ursane (a-amyrane) series are not treated in the present paper. It 
is hoped to consider them later and to discuss the recent structural proposals of Tschesche 
and Fugmann (Chem. Ber., 1951, 84, 810). 

The B-ring of the triterpenoids. Further comparisons may be made between the ABC 
ring system of the triterpenoids and the ABc rings of the steroids. If formula (XLIII = 
XLV) is correct, then the B-rings of the two series are of the same enantiomeric type 
(cf. XLIII and XLVI). Here C;,) in the triterpenoid is equivalent to Cg in the steroid. 
The experimental data of Table 10 support this view. The triterpenoid values are for 
derivatives of sumaresinolic acid. Barton (1950, loc. cit.) has produced evidence for the 
“8 ’’-configuration of the 7-hydroxyl group in this acid (XLVII). The steroid values (for 

8-substituted 5a-compounds) are from the tables of Barton and Klyne (loc. cit.). 


TABLE 10. A Values for 7-substituted triterpenoids. 
A(C:O) A(OH) A(OAc) A, A(C:C) ¢ 
Triterpenoids * (changes at C,,)) ... —112°, —84°  —137°, —191° — 206° —69° — 103° 
Steroids (changes at Cg) —113 — 50 —110 —60 — 298 
* Refs.: Ruzicka, Jeger, et al., Helv. Chim. Acta, 1943, 26, 2283; 1945, 28, 380; 1948, 31, 1205. 
+ A(C:C-6) in triterpenoid, A(C:C-5) in steroid. 
Ring © of the triterpenoids. The rule of shift may be applied to several groups of 
triterpenoids having a six-membered terminal ring E. The results support the formula 
9B 
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(XLIII) for oleanane given above, except for those referring to the olefinic grouping at 
C4 -Cag) in germanicol, moradiol, and morolic acid. The A values for this olefinic linkage 
are anomalous and cannot at present be explained, since the chemical evidence for the 
location of the double bond at Cig—Cy9) is extensive and convincing (David, Bull. Soc. 
chim., 1949, 16, 155; Barton and Brooks, J., 1951, 257; Barton, Brooks, and Holness, 
ibid., p. 278; Barton and Holness, J., 1952, 78; Davy, Halsall, and Jones, J., 1951, 2696; 
Davy, Halsall, Jones, and Meakins, ibid., p. 2702). 

(a) 19-Substituted 18(«)-oleananes. 19-Substituted 18(«)-compounds (D-E trans) have 
recently been prepared by Ames, Davy, Halsall, Jones, and Meakins (Chem. and Ind., 
1951, 741; cf. J., 1952, 2862) and by Budziarek, Johnston, Manson, and Spring (Chem. 
and Ind., 1951, 478; J., 1951, 3336). If formula (XLIII) is correct for the 18(8)- 
oleanane series, then 18(«)-oleanane is (XLVIII = XLIX) and the E-ring is of A-type. 


(XLVIII) 


If 18(6)-oleanane were (XLIV), the E-ring of the 18(«)-compound would be of D-type. The 
A values for the 19-substituted 18(«)-oleananes (L; R = Me) are all of the same sign as 
those for 4-substituted steroids (see Table 11). This evidence supports the formulation of 
18(8)-oleanane as (XLIII) and its 18(«)-compound as (XLVIII = XLIX). 


TABLE 11. Rotations of 18(«)-oleanane derivatives. 


[Configurations at C,,,) allotted following Ames ef al. (90); configurations at C,,) in steroids following 
ref. 93. | 
4-Substituted 
19-Substituted 18(a)-triterpenoids steroids 
A . (A-B trans). 
A values A Values 


c 





18(a)-Oleanan-2“ B’’-ol 
acetate 


18(a)-Oleanan-2“ f ”’-ol-19-one + 16° —~, +25°, A(C:0-4) 

i acetate +2 + 35 } acco 19) 

18(a)-Oleanane-2"' B”’ : 19(a)-diol 2% —176 P 1 
es: 2-acetate 4 —168 } A[OH-19(a)} — 

18(a)-Oleanane-2"' 8 ”’ : 19(8)-diol — 43 —22, A(OH-48) 


—15, A(OH-4a) 


90, Idem, J., 1952, 
2862. 91, Budziarek, Johnston, Manson, and Spring, Chem. and Ind., 1951, 478. 92, 
Budziarek, Manson, and Spring, /., 1951, 3336. 93, Barton and Rosenfelder, ibid., p. 1048. 


Other 19-substituted 18(«)-compounds are available for consideration, viz.: the 28- 
acetoxy-compounds obtained by Barton and Holness (loc. cit.) and Davy, Halsall, Jones, 
and Meakins (loc. cit.). 28” : 28-Diacetoxy-18(«)-oleanan-19(8)-ol (L; R = CH,*OAc, 
X = H, OH; “ betulin triol diacetate ’’) has (+ 119°, +136°); the corresponding 19-ketone 
has (+ 200°, +222°). Thus A, is +83°; for the compounds considered in Table 11, A, is 
+58°, +67°; for cholestan-46-ol, it is +47°. 


Me 
NIMN\ 
c {| D la 

\A\4 

H18 


(LI) 


(b) ‘‘ Oleanol’’ and derivatives (28-nor-A1"-compounds). ‘‘ Oleanol’’ (LI; 28-norolean- 
17-en-2 8 ”’-ol) resembles cholest-8(9)-en-38-ol (‘‘ 8-cholestenol’’; LII). The A values for 
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the bridge double bonds are as follows: A(C:C-17) in the triterpenoids is +77°, +16° 
(Barton and Brooks, loc. cit.; Winterstein and Stein, Z. physiol. Chem., 1931, 202, 222) ; 
A[C°C-8(9)] in the steroids (cholestane and ergostane derivatives) is + 100° (mean of 5 values, 
range +83° to +115°; Barton, Angew. Chem., 1949, 61, 57). Both sets of A(C:C) values are 
positive. 

2“ 8 ”’-Acetoxy-28-norolean-17-en-19-one resembles the steroid 8(9)-en-1l-ones [cf. (LI) 
and (LII) with keto-groups at Cy) and C,,,) respectively]. The triterpenoid (+ 645°; 
Barton and Brooks, Joc. cit., 1951, p. 257) shows a large positive A(C°C-C:0), +443°. Two 
steroid 8(9)-en-ll-ones recently prepared by Heusser et al. (Helv. Chim. Acta, 1951, 34, 
2106; 1952, 35, 295) show A(C:C-C:O) values of + 493° and +-376°. 

(c) Triterpenoids unsaturated in the 13(18)-position and in ring E. Most of the triter- 
penoids carrying an olefinic linkage in the 13(18)-position or in ring E show A(C°:C) values 
which are compatible with the formulation of 18(a)-oleanane as (XLVIII = XLIX); 
however, one group, the 18(19)-unsaturated compounds (germanicol, moradiol, morolic 
acid), show anomalous values which cannot at present be explained. Molecular rotations 
and A values are summarized in Table 12. 


TABLE 12. Rotational differences for olefinic linkages at 13(18) and in ring & of the 


triterpenotds. 
Oleanane series. 


[M]p Values A(C:C) Values 


Satd. Satd. 13(18)-Ene- 13(18)-Ene- 18-Ene- 18-Ene- 
18(a) 13(18)-Ene 18-Ene 18(8) 18(a) 18(8) 18(a) 

Oleanane _- — 135° + 12° — 176° i — 29° 
Oleanan-2“ B”’ jes +154° —216¢ + 17° — 293 — 370° — 60 
Oleanan-2" B’’- 

acetate +202 —161 + 84 — 260 — 363 — 
Oleanane-2“ 8 ”’ : 28- 

diol _- —212 — 49° ~- — 
Oleanane-2“ B”’ : 

diol diacetate — —281 +125 — — 
Oleanan-2" B ’’-ol-28- 

oic acid * a — +1224 — — 
Oleanan-2" B ’’-ol-28- 

oic acid acetate * ... 





— —346 +192 — 433 
91 43, 84 84 

92 94, 99 95 

* §-Amyrin; * germanicol; * moradiol; ¢ morolic acid. 

* Methy! ester. 


Lupene-I and -taraxasterol series. 


[M)p Values 


: ‘ A Values 

Substituent Satd., 20-Ene (?), Satd., 19-Ene (?), oo we . 
in ri Lupane-I_ _Lupene-I Heterolupane #-Taraxasterol A(C:C-20) A(C:C-19) 

+ 107° +418° + 50° +197° +311° +147° 

+400 + 47 +200 — +153 

+444 +108 +248 +140 

+534 +190 — 
43, 90 40, 97 98, 100, 101 
Steroid A(C:C) values for comparison: A(C:C-2), +153°; A(C:C-3), +149°; A(C:C-4), +194°; 

A(C:C-5), —298°. Refs. 4, 93, 96. 

4, See Table 1. 39, 40, 43, See Table 4. 66, See Table 7. 84, See Table 9. 90—93, See Table 
1l. 94, Ruzicka and Jeger, Helv. Chim. Acta, 1941, 24,1243. 95, Simpson, /., 1944, 283. 96, Lardelli 
and Jeger, Helv. Chim. Acta, 1949, 82, 1817. 97, Idem, ibid., 1948, 31, 813. 98, Jeger, Kriisi, and 
Ruzicka, ibid., 1947, 30, 1048. 99, Jeger, Norymberski, and Ruzicka, ibid., 1944, 27, 1532. 100, 
Burrows and Simpson, J., 1938, 2042. 101, Morice and Simpson, /., 1940, 795. 








If 18(«)-oleanane is (XLIX), the D-ring is of D-type with respect to ring c and to ring E. 
The negative A(C:C) values for 13(18)-enes support this formulation. 

The E-ring should be of A-type with respect to ring D and it would be expected that 
A(C:C) values in ring E would be positive. -Taraxasterol has an olefinic double bond in 
ring E, now thought to be at Cyy—Cyo9, (LIII) (Ames, Halsall, Jones, and Meakins, 
J., 1952, 2862. Its A(C:C) value as expected is positive. 

(d) Lupene-I derivatives. These compounds have recently been prepared by Jones and 
his colleagues (Ames, Halsall, and Jones, J., 1951, 450; Ames, Davey, Halsall, Jones, and 
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Meakins, J., 1952, 2862) by isomerization of lupene (LIV) and its derivatives. The 
structure (LV) with a double bond at Cio9)-Ci») has been proposed for the lupene-I series. 
This formula is compatible with the rotations of the compounds, which have large positive 
A(C:C) and [Mp values, as would be expected for analogues of cholest-2-ene. 

(e) The germanicol—morolic acid series. The work of Barton and his colleagues, 
supported by additional evidence from Jones and his school (for references see p. 2930), has 
resulted in the formula (LVI) for these compounds (R = Me, germanicol; R = CH,°OH, 


Me 


(LIV) 


moradiol; R = CO,H, morolic acid); the compounds are thus A!*-triterpenoids, and are 
formally analgous to A*-steroids. The A(C:C) values of germanicol and its derivatives, 
with reference to 18(8)(D—E cis)- and 18(«)(D—E ¢vans)-saturated compounds are, however, 
negative, and not positive as expected. The A(C:C) value for morolic acid with reference to 
the 18(8)-saturated compound is indeed positive, but vicinal action by the carboxyl group 
on the double bond may occur here. 


I am greatly indebted to Dr. D. H. R. Barton for many helpful discussions. Parts of this 
paper were presented at a Colloquium at the Eidg. Technische Hochschule, Ziirich, in June, 1951, 
and I am grateful to Professor L. Ruzicka, For. Mem. R.S., Professor V. Prelog, Dr. O. Jeger, 
and their colleagues for valuable criticism. I am also grateful to Professor E. R. H. 
Jones, F.R.S., for some unpublished data. 
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552. The Action of Light on Diazoaminobenzene dissolved in 
Ethanol. 


By H. C. FREEMAN and R. J. W. LE FEvre. 

DuRING investigations on geometrical isomerism among ~N=N- compounds it has become 
apparent that, after illumination in solution, azobenzene (Winkel and Siebert, Ber., 1941, 
74, 675; Hausser, Z. Naturforsch., 1950, 5a, 56), aryl diazocyanides (Le Févre and Wilson, 
J., 1949, 1106), aryl diazosulphonates (Freeman and Le Févre, J., 1951, 415), and aryl 
diazocarboxyamides (Freeman and Le Févre, J., 1951, 1977) all show alterations in the 
absorption spectrum which become partly reversed when the solutions are kept in darkness. 
In the last-mentioned case, the occurrence of reversible changes during illumination has 
been accepted as an indication of the probable presence of a labile isomer not yet isolated 
in the solid state. Although Le Févre and Vine (J., 1937, 1805) showed that the dielectric 
constants of solutions of diazoaminobenzene in benzene were not seriously affected by 
illumination, experience (e.g., Le Févre and Liddicoet, J., 1951, 2743) has shown that on 
such evidence alone one cannot infer that the solute has persisted in its original condition. 
Accordingly the spectroscopic behaviour of alcoholic solutions of diazoaminobenzene has 
now been examined before and after illumination for varying periods, and again after 
storage in darkness. 

The progressive modifications of the absorption spectrum are shown (Fig. 1) after 
exposures of 0, 35, 45, and 120 minutes (curves a, b, c, d) to the unfiltered radiation of a 
mercury-vapour lamp. From the spectra of the same solutions after storage in darkness 
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it was seen that the changes displayed in Fig. 1 were not due to a photochemically reversible 
process. For example, in Fig. 2 the absorption of the original solution (curve a) is 
compared with that recorded after 35 minutes’ irradiation (curve }), followed in turn by 
those after 24 (curve c) and 120 hours’ (curve @) storage in the dark. 

The absorption initially observed for diazoaminobenzene corresponds to that reported 
previously (Wohl, Bull. Soc. chim., 1938, 5, 460), and is in general agreement with the 
known spectroscopic features of aryltriazens (Wohl, Joc. cit.; Le Févre and Liddicoet, 
loc. cit.). Maxima occur at 236 (logy) ¢ = 4-21), 288 (3-82), 294 (3-82), and 355 my (4-30). 


Fie. 1. Fic. 2. 
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Irradiation lowered the value of the extinction at 355 my, although increased absorption 
became evident at 260 and above 400 my. This trend continued after irradiation ceased 
(Fig. 2, 6 and c), emphasising the irreversibility of the transformation. Moreover, on 
prolonged storage, there were further marked alterations in the absorption, new bands 
appearing at 310 and 360 my, with general changes at other wave-lengths. The unknown 
cts-modification of diazoaminobenzene may be expected to have a polarity of the order of 
that of benzotriazole (viz., 4.1D; Jensen and Friediger, Kgl. Danske Vidensk. Selsk., 
1943, 20, No. 20) so that any notable inversion of the ordinary form (u = 0-9 D) should 
have been revealed by the experiments of Le Févre and Vine (loc. cit.). Since this was 
not so, it is concluded that diazoaminobenzene, by the present treatment, undergoes 
decomposition. 

Finally we note that a trams —-> cis-change seems difficult from elementary steric 
considerations. A scale drawing shows interference between the amino-nitrogen and the 
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benzene ring of the theoretical cis-form, though this appears less serious than in similar 
drawings for the unstable isomers of the diazosulphonates (Freeman and Le Févre, 
loc. cit.). It may be mentioned that, except for the groups linked to the amine-nitrogen, 
this drawing and comment apply equally to the aryldimethyltriazens. 


Experimental.—The solute was recrystallised from alcohol and had m. p. 98°. It was 
examined as 10-‘m-alcoholic solutions (10-5m for the region near 350 my, 10-°m above 400 my) 
with a Beckman photoelectric spectrophotometer, model DU. Irradiations were performed on 
10-*m-solutions in stoppered silica test-tubes held 30 cm. away from a 300-w, 240-v, “‘ Hanovia ”’ 
mercury-vapour lamp. 

In preparing our scale diagrams we ignored the estimate of 141° (Le Févre and Vine, /oc. cit.) 
for the angle between the two carbon-nitrogen bonds since this was based on a vector-additivity 
of bond-moments now known to be uncertain; instead, we used the following dimensions : 
Bond lengths (in A): C,,-C,,, 1-40; C-H, 1-14; C-N, 1-45; N-H, 1-10; N-N, 1-48; N=N, 
1-25. Bond-angles: Ar-N=N, 125°; Ar-N-N= or Ar-N-H, 110°. “ Wirkungsradien ”’ 
(in A): N, 1-5; H, 1-2. 
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553. Addition and Substitution with the Bromine Cation in Aqueous 
Solution. 
By D. C. Aspotr and C. L. Arcus. 
REACTION between bromine and an olefin in the presence of a nucleophilic reagent HA or 
A~, leading to the formation of the compound >CBr-CA<, proceeds as in (1) : 
wast > MOReCK(+H) . 2... . @ 
fa SEMI. os ba ele e oa 


ae _ Br. ’ 
»C=C< + Br-Br > >—X* 
+Br 


The bromine anion competes with the added nucleophilic reagent and in so far as the 
competition is successful the dibromide is formed (2). 

It has been found (Derbyshire and Waters, J., 1950, 573) that, when a silver salt is 
added to a solution of bromine in water or acetic acid containing sulphuric acid, bromine 
anion is removed as insoluble silver bromide and the reactions 


Br, + H,O —~>H* + Br- + HOBr; HOBr + H+ —+>H,O + Br? 


are allowed to proceed, yielding a substantial concentration of bromine cations. The 
bromine cation is probably hydrated, and the hydrate (as annexed) is 

‘o-B + identical with hypobromous acid plus a proton. 

/ r "™.* . os ° 3: . . 
/ rhis method (in addition to providing bromine cations) should, by the 
removal of bromine anions, increase the probability of reaction of an 
added nucleophilic reagent with the intermediate complex cation. The results 
recorded below for the interaction of bromine with styrene in aqueous acetic acid- 
sulphuric acid show that formation of 2-bromo-l-phenylethyl acetate is increased, 
and that of styrene dibromide decreased, by the presence of silver ion. 

Attack of the bromine cation (prepared by the interaction of bromine, aqueous sulphuric 
acid, and silver nitrate) on a-phenylpropionic acid gave a-p-bromophenylpropionic acid ; 
the bromine atom of this was not readily hydrolysed and oxidation yielded p-bromobenzoic 
acid. Some of the o-isomer may also have been formed; no substitution appeared to have 
occurred in the aliphatic part of the original acid. 


Experimental.—Additions. (a) To a briskly-stirred suspension of silver acetate (17-0 g.) 
and styrene (10-4 g.; freshly distilled; b. p. 144—145°) in 6n-sulphuric acid (150 ml.) containing 
glacial acetic acid (50 ml.) a solution of bromine (16-0 g.) in glacial acetic acid (75 ml.) was added 
during 1} hours. After a further $ hour's stirring, the precipitated silver bromide (18-7 g., 
100%) was separated by filtration through sintered glass, and the filtrate extracted with ether. 
The extract was washed with aqueous sodium carbonate and dried (MgSO,) and the ether 
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removed. The product (13-1 g.) yielded fractions: (i) b. p. 84—86°/0-7 mm., n? 1-5689 (2-7 g.) ; 
(ii) b. p. 91—95°/0-7 mm., n?#? 1-5595 (5-4 g.) (Found: C, 48-3; H, 4-5; Br, 37-6. Calc. for 
a 83: 17 mixture of C,,H,,0O,Br and C,H,Br, : C, 47-2; H, 4-3; Br, 37-5%); and (iii), b. p. 96— 
104°/0-7 mm., n?° 1-5560 (2-0 g.). 

Fraction (ii) (1-8 g.) was heated under reflux with 3N-sodium hydroxide (10 ml.) for 6 hours. 
The solution was saturated with potassium carbonate and extracted with ether. The extract 
was dried (Na,SO,) and ligroin (b. p. 100—120°) added; needles, m. p. 62—64°, of phenyl- 
ethylene glycol separated (0-9 g., 90%), which after recrystallisation from ether-ligroin had 
m. p. 64—65° alone and mixed with an authentic specimen of m. p. 64:-5—65-5°. Similar 
hydrolysis of styrene dibromide (12-3 g.) with N-sodium hydroxide (135 ml.) for 6 hours yielded 
the glycol (1-3 g., 20%), m. p. 64—65°. 

(6) From an experiment similar to (a), but without silver acetate, there was obtained a 
product (19-0 g.) which deposited styrene dibromide (6-0 g.), m. p. 68—-70° (after recrystallisation 
from aqueous alcohol, m. p. 72—73° alone or mixed with an authentic specimen of m. p. 72—73°). 
The liquid product gave fractions: (i) b. p. 91—95°/1 mm. (5-9 g.), which on cooling deposited 
styrene dibromide (2 g.), m. p. 72—73°, and (ii) b. p. 96—97°/1 mm., n} 1-5664 (3-3 g.). 

(c) From an experiment similar to (a), but without silver acetate and with sodium bromide 
(20-6 g., 2 mols.) dissolved in the aqueous sulphuric acid, there was obtained styrene dibromide 
(11-9 g.), m. p. 68—71° (m. p. 72—73° after recrystallisation). 

(d) To a mixture of styrene, acetic acid, and aqueous sulphuric acid, as in (a), bromine 
(16-0 g.) and glacial acetic acid (75 ml.) were added separately and simultaneously, with vigorous 
stirring. There was obtained styrene dibromide (16-1 g.), m. p. 71—73° (m. p. 72—73° after 
recrystallisation). 

The yields of styrene dibromide isolated from (a), (b), (c), and (d) were respectively nil, 30, 
45, and 61%. 

Substitution. A solution of silver nitrate (8-5 g.) in water (50 ml.) was added dropwise 
during 1 hour to a well-stirred mixture of «-phenylpropionic acid (7-5 g.), bromine (8-0 g.), and 
3n-sulphuric acid (150 ml.). Stirring was continued for 1 hour, the silver bromide was filtered 
off, and the filtrate and silver bromide were extracted with ether. The extract was dried 
(Na,SO,), the ether distilled off, and the viscous oil so obtained dissolved in aqueous sodium 
carbonate. This solution was extracted with ether, then acidified, and again extracted. The 
latter extract was dried (MgSO,) and the ether evaporated; the product on distillation yielded 
a-bromophenylpropionic acid (principally the p-isomer), b. p. 138—141°/1 mm., nj? 1-5594 
(4:8 g.) (Found: C, 47-7; H, 4:1; equiv., 227-2. Calc. for C,H,O,Br: C, 47-2; H, 40%; 
equiv., 229-0). The acid gave no bromide ion when heated for 15 minutes with alcoholic 
N-potassium hydroxide. The acid (2-95 g.) was heated under reflux for 14 hours with potassium 
permanganate (10-0 g.) and sodium carbonate (5-0 g.) in water (150 ml.); concentrated hydro- 
chloric acid (25 ml.) was added and sulphur dioxide passed in. The acid which separated was 
extracted with ether. The extract was dried (Na,SO,) and evaporated; the product (2-1 g., 
80%) was thrice recrystallised from aqueous alcohol and yielded p-bromobenzoic acid, leaflets, 
m. p. 250—252° alone or mixed with an authentic specimen of m. p. 251—253°. 


Thanks are expressed to the Department of Scientific and Industrial Research for a 
maintenance grant (to D. C. A.) and to Imperial Chemical Industries Limited for a grant. 
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554. Purification of Yttrium by Precipitation with Sodium 
Nitrite. 


By O. M. HiLat and (in part) M. EL-ABBADy. 


THE method of separation of yttrium recommended by Holden and James (J. Amer. 
Chem. Soc., 1914, 36, 638, 1418) and modified by Hopkins and Balke (ibid., 1916, 38, 2332) 
was based on hydrolysis of nitrite. Yttrium comes between neodymium and samarium 
in the order of basicity as determined by hydrolysis of their salts in presence of nitrite 
(Hopkins, tbid., 1933, 55, 3117, 3121) or by precipitation of their hydroxides by ammonium 
or sodium hydroxide. 
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The present authors found that the pH at initiation of nitrite precipitation increases 
with decreasing concentration of pure yttrium nitrate solution. For 0-7M- (80 g. of oxide/1.) 
and 0-35m-solutions the respective pH values were 6-2 and 6-4, of which the latter 
corresponds to pH 6-6 deduced from the curves of hydroxide precipitation of the rare- 
earth nitrate solutions by very dilute gaseous ammonia (Trombe, Compt. rend., 1934, 216, 
888). Addition of sodium nitrite to a solution attaining a pH 6-2 does not alter its pH 
value and so precipitation depends wholly on hydrolysis. 


Experimental.—The material used was crude yttria, containing a little erbia, kindly supplied 
by the late Professor S. Sugden (London University). The apparatus used for precipitation 
consisted of a round-bottomed flask connected to a steam generator. The volume of the 
solution was kept constant by distillation. 

Preliminary experiment on the extent of precipitation with sodium nitrite showed that the 
range of pH 3—4 was favourable and to ensure complete precipitation addition of sodium 
nitrite was followed by passage of steam through the solution for 2 hours after the 
first appearance of turbidity. The precipitate obtained was crystalline. 

The analysis of the precipitate obtained on treating chemically pure yttrium nitrate solution 
with sodium nitrite, as cited below, gave Y,O, 61-2, N,O, 17-38, and H,O 21-42% (by difference). 
This composition may be represented by the formula 3Y,0,,2N,0,;,15H,O. Traces of nitrous 
anhydride were present and were included as nitric anhydride (Fogg and James, J. Amer. Chem. 
Soc., 1922, 44, 311). 

General procedure. The oxide was dissolved in nitric acid, evaporated to dryness, and diluted 
to 80 g./l. The pH of the solution was adjusted between 3 and 4 by adding a few drops of dilute 
aqueous ammonia. To the boiling solution was then added a weight of solid sodium nitrite 
double that of the oxide expected to be present in the precipitated fraction, and steam was 
passed through the solution as specified above. When fractionation was carried out in series, 
the head-fraction precipitate of the first series was dissolved in nitric acid, evaporated to dryness, 
then adjusted to 80 g. oxide/l., and similarly treated; this afforded the head fraction of the 
second series. When the required fraction had been precipitated and filtered off, the second 
fraction of the first series, after being dissolved in nitric acid and evaporated to dryness, was 
added to the filtrate; the pH of the mixed solution was not less than 3. 

The equivalent was determined by the method used by Hilal and Sugden (J., 1949, 135). 

300 G. of oxide (equiv., 38-29) were fractionated (39 times in 7 series) and the tail fraction 
(62 g.; equiv., 37-82) was fractionated 27 times in 4 series. The last series was split 
into 10 fractions. The tail fraction (10-8 g. of oxide of equiv. 37-64) was found to be 
spectroscopically equivalent to the pure yttria of 10®%ys:; = 0-21 previously prepared by Hilal 
and Sugden (loc. cit.). It did not show the persistent lines of holmium and erbium. 

The efficiencies of separation by (a) the ferricyanide (March, J., 1947, 118) and (b) the nitrite 
methods have been compared. Part of an oxide (equiv., 38-64; 80 g./l.) was fractionally 
precipitated 23 times (four series on 4, 5, 6, and 8 fractions) by each method. The Table shows 
results for the last series. The final fraction (8) was the unprecipitated portion remaining in 
the mother-liquor and was recovered as hydroxide. 


. ; (a) 

Fraction no. ¢ ~— ~ ¢ 

(head = 1) Equiv. , : Equiv. 
40-30 f 40-24 
39-28 39-20 
38-84 p 39-01 
38-66 38-68 
38-60 38-59 
38-58 38-42 
38-40 { 38-33 
38-31 38-22 

* The volume was reduced. 
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555. The Triterpenoids of Alstonia verticillosa. 
By O. C. MusGRAVE and H. M. WAGNER. 


DURING an investigation of the alkaloids of Alstonta verticillosa, Sharp (J., 1934, 1227) 
obtained a crystalline ‘‘ sterol ’’ fraction from the alcohol-soluble portion of the petroleum 
extract of the bark; the presence of lupeol in this fraction was suspected. We have now 
examined this material which was made available to us through the courtesy of 
Dr. T. A. Henry. The crystalline solid described by Sharp was hydrolysed and benzoylated. 
Chromatography of the products on alumina readily gave lupenyl benzoate and a mixture 
of «- and $-amyrenyl benzoates which was in turn separated by crystallisation. The 
identities of these compounds were confirmed by conversion into the corresponding 
acetates. The occurrence of lupeol in the latex of A. scholaris and of «- and $-amyrin in 
Malabuwai gutta percha from A. grandifolia has previously been reported (Ultée, Chem. 
Weekbl., 1914, 11, 456; Hillen, Arch. Pharm., 1913, 251, 94). 


Experimental.—Chromatography of the mixed benzoates. A solution of the crystalline solid 
(m. p. 180—190°; 2-75 g.) from A. verticillosa in benzene (12 ml.) was heated under reflux on 
the steam-bath for 20 hours with methanolic potassium hydroxide (5%; 100 ml.). After being 
worked up in the usual manner, the product was benzoylated on the steam-bath with pyridine 
(7 ml.) and benzoyl chloride (3-5 ml.). A solution of the resulting mixed benzoates (3 g.) in 
light petroleum (60—80°; 100 ml.) was filtered through a column of alumina (Grade II, 
Brockmann; 3 xX 23 cm.) which was washed with light petroleum—benzene (20:1). The 
first fraction (2400 ml. of eluate; 1-64 g.; m. p. 186—198°) was readily separated into two parts 
by fractional crystallisation from benzene-ethanol. The less soluble of these, $-amyrenyl 
benzoate (0-69 g.) was obtained as plates (Found: C, 83-7; H, 10-4. Calc. for C,,H,,0,: 
C, 83-7; H, 10-3%). The more soluble material, «-amyrenyl benzoate (0-2 g.), separated in 
prisms (Found: C, 83-8; H, 10-6%). The more strongly adsorbed fraction (1300 ml. of eluate ; 
0-59 g.; m. p. 222—231°) crystallised from benzene-ethanol, giving lupenyl benzoate (0-3 g.) as 
plates (Found: C, 83-7; H, 10-7%). 

a-Amyrenyl, B-amyrenyl, and lupenyl acetates. The benzoates were separately hydrolysed 
on the steam-bath in benzene solution with methanolic potassium hydroxide (5%). The 
alcohols obtained were acetylated by acetic anhydride and pyridine on the steam-bath. In 
this way, f-amyrenyl acetate was obtained as needles from ethanol (Found: C, 82-0; H, 11-0. 
Calc. for C,,H;.O,: C, 82-0; H, 11-1%), and a-amyrenyl acetate (Found: C, 82-1; H, 
11-0%) and lupeny] acetate as needles from methanol-—chloroform (Found : C, 81-9; H, 11-1%). 


This work Previously recorded 


'M. p. (al!# in CHCl, the < * (aj! in CHCl, 
p-Amyreny] benzoate 232° +98° (c = 13) 234—235° (1) 
B-Amyreny] acetate 240 = 0-5) 240—241 (1) 





a-Amyrenyl benzoate 198 1-3) 194 (1) 
a-Amyreny] acetate 22% = 0-8) 224—225 (1) 
Lupeny! benzoate 262 == 0-8) 261-5 (3) 
Lupeny! acetate 214 = 0-9) 214 (3) 
(1) Cohen, Rec. Trav. chim., 1909, 28, 368, 391. (2) Zinke, Friedrich, and Rollet, Monatsh., 
1920, 41, 253. (3) Heilbron, Moffett, and Spring, /., 1934, 1583. 


The authors thank Professor F. S. Spring, F.R.S., for his interest during this work, and the 
Department of Scientific and Industrial Research for a maintenance grant (to H. M. W.). 
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556. The Solubility of Uranyl Oxalate in Nitric Acid. 
By C. B. AMPHLETT and (Mrs.) O. T. DAvipcE. 


THE solubility of uranyl oxalate in nitric acid has been measured by Colani (Bull. Soc. 
chim., 1925, 37, 859) at acidities up to 31% by weight. We have extended these 
measurements to 70% nitric acid in order to find if the salt undergoes dehydration 
similar to that observed in the case of uranyl nitrate in concentrated nitric acid (idem, ibid., 
1926, 39, 1243). 


Uranyl oxalate trihydrate was prepared by precipitation from aqueous uranyl nitrate 
solutions with sodium oxalate; the precipitate was filtered off, washed free from nitrate, and 
dried at 60°. Analysis for uranium and for oxalate corresponded to the trihydrate, which is the 
form normally precipitated from aqueous solutions (Gmelin’s ‘‘ Handbuch,”’ 8th edn., S.N. 55, 
p- 168). 
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Solubilities at room temperature were determined by shaking an excess of the solid with 
nitric acid of the required concentration for several days, in long-necked flasks with securely 
waxed stoppers; preliminary experiments showed that two days sufficed to ensure saturation, 
and that the rate of decomposition of oxalic acid by nitric acid was too low to cause any displace- 
ment of equilibria set up in solution. The temperature of these measurements was 20° + 1°. 
After being shaken, the solution was allowed to settle ; aliquots were taken, diluted, and analysed 
for uranium and for free acid content (after removal of uranium as peroxide, no correction being 
made for the hydrogen-ion content thereby introduced, this being small compared with the 
acidity due to nitric acid). The density of the final solution was measured by direct weighing 
of a known volume. 

The results, expressed as g. of anhydrous UO,C,O, per 100 g. of (HNO, + H,O) are given 
below as a function of the acid concentration (g. per 100 g. of solvent) : 


HNO, /(HNO, + H,O), wt. % Bl 26 9 353 41-5 42:0 465 58-9 69-5 
UO,C,0,, g./100 g. (HNO, + H,O) ... 1 . . 2:19 2-68 284 3-48 404 3-99 


These results, together with those of Colani (/oc. cit.), are plotted on the accompanying figure ; 
apart from one value at 31 wt. % HNO, the agreement is good. The solubility curve shows two 
branches, due to dehydration of the trihydrate at higher acid concentrations. Attempts to 
determine the composition of the solid phase by direct analysis were only partly successful, 
owing to difficulties encountered in removing adsorbed liquid from the solid without washing. 
One good duplicate determination was obtained at 59% HNO,, indicating that the solid phase 
was anhydrous UO,C,O,. We would expect the lower branch of the curve to correspond to the 
trihydrate, by analogy with the case of solutions containing no free acid; this was confirmed by 
comparison of the initial and final acidities of the solution. If a known excess of trihydrate is 
used the initial acidity will be diluted by 3 moles of water per mole of trihydrate dissolved, plus 
n moles of water per mole remaining undissolved, where the final solid phase has the composition 





[1952] Notes. 2939 


UO,C,0,,(3 — n)H,O. Comparisons of this type suggested that m ~ 0 over the first branch of 
the curve, and =~ 3 over the second branch. It seems reasonable to assume that the two 
branches correspond to UO,C,0,,3H,O and UO,C,0O, respectively (cf. uranyl nitrate). 


We thank Sir John Cockcroft, F.R.S., for permission to publish this information. 
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557. The Structure of the Aminopyridines. 
By J. D. S. GouLDEN. 


ANGYAL and ANGYAL (J., 1952, 1461) have shown that «- and y-amino-N-heterocyclic 
compounds exist in the amino- and not in the tautomeric imino-form. Their conclusions 
were drawn from the chemical reactions and pK, values of the compounds. The infra-red 
absorption spectra of the aminopyridines in the 3-u region confirm these views, and show 


that in 2- and 4-aminopyridines the resonance forms containing the —NH, configuration 
make considerable contributions to the molecular structure. 

The Table shows the values obtained for the NH frequencies of the three amino- 
pyridines, together with those of the two isomeric methyl derivatives of 2-aminopyridine. 
The NH frequencies of aniline, 2-aminopyrimidine, and f-nitroaniline were also examined 
and their values are listed. The absorption spectra of the solids in this region of the 
spectrum were found to be quite different from those in solution, owing to hydrogen bonding 
and other intermolecular effects. 


NH frequencies (cm.~) of some bases in carbon tetrachloride (cell length, 5 cm.). 
(emoiar 1” Parentheses, +-10%). 


Compound —NH, frequencies ~NH frequency NH frequency 

Aniline 3480 (133) 3396 (179) ~— 
2-Aminopyridine 3509 (51) 3411 (79) — 
3- * 3482 (38) 3396 (56) — 

3508 (47) 3413 (86) — 

— — 3450 (100) - 

— — 3323 (30) 
2-Aminopyrimidine 3541 (71) 3431 (117) — — 
p-Nitroaniline 3508 (52) 3417 (148) -- = 


The appearance of a pair of frequencies at about 3400 and 3500 cm. confirms the 
amino-structure of 2- and 4-aminopyridine. If these compounds existed in the imino-forms, 
frequencies at about 3400 and 3300 cm.! would have been expected as in 1 : 2-dihydro-2- 
imino-1-methylpyridine and 2-methylaminopyridine. 

Flett (Trans. Faraday Soc., 1948, 44, 767) showed that introduction of electron- 
attracting groups into the benzene nucleus of aniline increased the values of both NH,- 
frequencies, and that that of electron-repelling groups decreased them. Similarly, in the 
aminopyridines, attraction of electrons by the ring-nitrogen atom increases the contiibution 


of the —NH, type structure with respect to —NHg,, as shown by the NH, frequency value 
in the series : 


Aniline, 2- and 


3-aminopyridine ~~ 4-Aminopyridine ~~ S-AmROpyCaRENe 


Except for aniline, this series shows a rise in emoiar values for the NH, absorption 
frequencies, parallel to the rise in frequency values. 

The NH, frequency values of 3-aminopyridine are close to those of aniline, so that it is 
to be expected that the chemical reactions of the amino-group in 3-aminopyridine will 
resemble those of aniline. Flett (loc. cit.) reported the values of the NH, frequencies for 
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p-nitroaniline to be 3535 and 3436 cm."!, but re-examination of this compound with the 
grating spectrometer used here gave values of 3508 and 3417 cm.!. Thus the electron- 
attracting power of the nitro-group in #-nitroaniline is similar to that of the ring-nitrogen 
atom in 2- and 4-aminopyridine. 

Gordy (J. Amer. Chem. Soc., 1940, 62, 497) showed, by infra-red spectroscopy, that 
ethers are able to form hydrogen bonds with amines. Since the ultra-violet measurements 
by Anderson and Seeger (ibid., 1949, 71, 340) were made on dioxan solutions, the ultra- 
violet absorption spectra of 2- and 3-aminopyridine in carbon tetrachloride were examined 
as part of this investigation. Although the absorption of the solvent vitiated measure- 
ments at wave-lengths below 250 my, maxima were found at 292 (log emoia: 3-54) and 294 mu 
(log emoiar 3°52) for 2- and 3-aminopyridine respectively. Since Anderson and Seeger 
reported that both compounds had maxima at about 298 my (log emoiar ~3°65), it can be seen 
that this hydrogen bonding has little effect on the position and intensity of the ultra-violet 
absorption maxima. 


Experimental.—The infra-red absorption spectra were examined with a Grubb Parsons S.3 
spectrometer, with a 2904 lines/inch replica diffraction grating (Goulden, J. Sci. Instr., in the 
press). Calibration points in the 3-u region were obtained from the gaseous ammonia spectrum 
(Dennison and Hardy, Phys. Review, 1932, 39, 938) and the frequencies listed in the Table are 
considered to be accurate to +2cm.-!. The ultra-violet spectra were examined with a Unicam 
S.P. 500 spectrometer, with l-cm. and l1-mm. quartz absorption cells. The compounds used in 
this investigation were purified by distillation and crystallisation until their m. p.s were in accord 
with those recorded in the literature. 


The author thanks Mr. B. Peutrell for examining the ultra-violet absorption spectra and 
for recrystallising some of the compounds. 


BIOCHEMISTRY RESEARCH Dept., Boots Pure DruG Co., Ltp., 
ISLAND STREET, NOTTINGHAM. [Received, March 12th, 1952.) 


558. Some Derivatives of 2: 6-Dihydroxybenzoic Acid. 


By R. D. Watson. 


THE therapeutic action of sodium 2: 6-dihydroxybenzoate (sodium +-resorcylate) in 
rheumatic fever has been investigated in an attempt to explain the activity of certain 
hydroxybenzoic acids, notably salicylic acid, in this disease. In a preliminary account of 
this work sodium 2 : 6-dihydroxybenzoate has been stated to be more active than sodium 
salicylate (Reid, Watson, Cochran, and Sproull, Brit. Med. J., 1951, II, 321). Reference 
to the chemical availability of sodium 2 : 6-dihydroxybenzoate and some of its derivatives 
may thus be timely. 


The most convenient methods of preparation of 2: 6-dihydroxybenzoic acid at present in 
the literature are those of Mauthner (J. pr. Chem., 1929, 121, 261; 1930, 124, 319) and Limaye 
(J. Indian Chem. Soc., 1935, 12, 788). The latter method was first used, but was later rejected 
on account of the need for fractional crystallisation to purify the 8-acetoxy-7-hydroxy-4- 
methylcoumarin. Mauthner’s method gave an overall yield of 5% from m-dinitrobenzene, 
but this is increased to 11% if in the final stage the demethylation product in iced water is 
merely filtered off, the benzene separated, and the aqueous layer acidified with concentrated 
hydrochloric acid to precipitate the 2 : 6-dihydroxybenzoic acid. 

The sodium salt of the acid is readily obtained by heating a solution of the acid (10 g.) in 
n-sodium hydrogen carbonate (30 c.c.) at 60—70° and slowly adding solid sodium hydrogen 
carbonate (2-5 g.). The sodium salt is precipitated on cooling and is recrystallised from 0-5N- 
sodium hydrogen carbonate solution. 

Ethyl and n-propyl 2 : 6-dihydroxybenzoate were prepared by saturating a solution of the acid 
(5 g.) in the appropriate alcohol (100 c.c.) with dry hydrogen chloride, and refluxing the whole 
for 8 hours. They were purified by recrystallisation from dilute methvl alcohol (see table). 
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Required 
Formula cC,% H, % 

Esters of 2 : 6-dihydroxybenzotc acid 

Ethyl 59-5 5- CyH yO, 59- 5+! 

n-Propyl “0 ‘5 CoH 20, 6: 
Esters of 2 : 6-dimethoxybenzoic acid 

Ethyl 72 2: CyyH yO, 

n-Propyl d ° , CygH yO, 

n-Amyl . ‘ , CigH 9% 

n-Hexyl { . “3 C,,H,.O, 67-6 


The esters of 2: 6-dimethoxybenzoic acid listed in the table were prepared by refluxing 


the acid (5 g.) with the appropriate alcohol (20 g.) and concentrated sulphuric acid (0-25 c.c.) 
and were recrystallised from dilute methyl] alcohol. 


Through the good offices of the Medical Research Council, arrangements were made for the 
preparation in the Chemical Research Laboratory of the Department of Scientific and 
Industrial Research of the larger amounts of sodium y-resorcylate required for more extensive 
clinical trial. 

I thank Professor J. W. Cook, F.R.S., and Professor Sir John McNee for their advice and 
interest in this work, and Mr. J. M. L. Cameron for the microanalyses. 

MEDICAL RESEARCH COUNCIL, CLINICAL CHEMOTHERAPEUTIC RESEARCH UNIT, 


GARDINER INSTITUTE OF MEDICINE, 
THE UNIVERSITY, GLAsGow, W.2. (Received, March 19th, 1952.) 


559. The Formation of 3-Methyl 1: 2-isoPropylidene Xylofuranose. 
By R. A. LaIpLaw. 


THE diisopropylidene derivatives of the hexoses and pentoses may be divided into two 
classes : (a) the pyranoses, such as 1 : 2-3 : 4-diisopropylidene galactopyranose and 1 : 2- 


4: 5- and 2: 3-4: 5-ditsopropylidene fructopyranoses and (b) the furanoses, e.g., 2 : 3-5 : 6- 
ditsopropylidene mannofuranose, 1 : 2-5 : 6-ditsopropylidene glucofuranose, and 1 : 2-3 : 5- 
ditsopropylidene xylofuranose. 

The preparation of group (b) derivatives from the corresponding simple sugars involves a 
ring change from the pyranose to the furanose form, and the present investigations are an 
attempt to elucidate the course of this transformation. Two possibilities suggest them- 
selves, (1) that ring-change takes place solely to facilitate entry of one particular tsopropyli- 
dene substituent (at the 5 : 6-positions with mannose and glucose and at the 3 : 5-positions 
with xylose), this reaction being “‘ independent ’’ of reaction at the 1 : 2-positions, or (2) that 
the sugar, in contact with acetone under the given conditions, assumes the furanose form 
before reaction, condensation then taking place directly. This latter alternative implies 
increased reactivity in the furanose form, presumably due to the configuration of the 
molecule. 

If (1) is correct it should be possible to prepare directly a more stable pyranose derivative 
of a group (b) sugar by “ blocking ’’ a reactive position with an inert substituent. In this 
manner 3-methyl D-xylopyranose would yield 3-methyl] 1 : 2-isopropylidene D-xylopyranose. 

To test this theory 3-methyl D-xylopyranose (Levene and Raymond, J. Biol. Chem., 
1933, 102, 332) was treated with acetone. The product was a syrup having the properties 
of a methyl monotsopropylidene xylose, which on methylation with methyl iodide and 
silver oxide yielded a dimethyl monoisopropylidene xylose ; [«]i?7 —60° (in chloroform) [a 
sample of authentic 3: 5-dimethyl 1 : 2-sopropylidene D-xylose (Levene and Raymond, 
loc. cit.) showed [«]’ —56° (in chloroform)]. Hydrolysis with dilute acid gave a dimethyl 
D-xylose, which was purified by separation on a column of cellulose (Hough, Jones, and 
Wadman, J., 1949, 2511). Apart from very small amounts of impurities, this product 
appeared to consist entirely of one component, with the same Rg value on a paper chromato- 
gram as 3 : 5-dimethyl xylose. 

Oxidation with bromine in water gave a lactone which was very slowly hydrolysed in 
water, indicating a y-lactone. The changes in specific rotation during hydrolysis cone- 
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sponded closely to those found for authentic 3: 5-dimethyl p-xylonolactone, and were 
entirely different from those previously recorded for 3: 4-dimethyl p-xylonolactone (James 
and Smith, J., 1945, 739). Furthermore, oxidation with sodium periodate (Reeves, J. 
Amer. Chem. Soc., 1941, 68, 1476) gave no formaldehyde, indicating that either or both 
hydroxyl groups on C,,) and C;;) were substituted. 

It is therefore apparent that the product is 3: 5-dimethyl p-xylofuranose, and that 
condensation of 3-methyl D-xylose with acetone has yielded 3-methyl 1 : 2-tsopropylidene 
p-xylofuranose. There was no evidence of the simultaneous formation of the corresponding 
pyranose derivative. This result demonstrates that change of ring form is induced by the 
greater reactivity of xylose in the furanose form under these conditions, and that the trans- 
formation is not effected solely to allow condensation at the 3 : 5-positions. 

Similar results should be obtained with glucose and mannose derivatives, while galactose 
and fructose should yield pyranose derivatives. 


Experimental.—All evaporations were conducted under diminished pressure; alJl temper- 
atures recorded are bath-temperatures. Fractions from the cellulose column were dissolved in 
water, and the solution filtered and evaporated to dryness; the product was redissolved in 
acetone and the solution evaporated to yield the purified fraction. 

3-Methyl v-xylose. This was prepared via 1 : 2-isopropylidene 5-trityl p-xylose (Levene and 
Raymond, /oc. cit.). 3-Methyl p-xylose was obtained as a syrup which was purified by chromato- 
graphy on a column of cellulose. The crystalline product had m. p. and mixed m. p. 98—101° 
(Found : OMe, 17-5. Calc. for C,H,,0,: OMe, 18-9%). 

3-Methyl 1: 2-isopropylidene v-xylofuranose. 3-Methyl p-xylose (1-40 g.) was dissolved in 
AnalaR acetone (100 c.c.), concentrated sulphuric acid (0-5 c.c.) and anhydrous copper sulphate 
(10 g.) were added, and the mixture was shaken for 24 hours at room temperature. After the 
addition of water (1 c.c.) the solution was neutralised with calcium hydroxide and filtered. 
Evaporation then yielded a syrup which failed to crystallise. Distillation of this material at 
135—140°/0-05 mm. over barium carbonate gave a clear colourless liquid (1-15 g.), ni% 1-4600, 
[«]\? —64° (c, 1-73 in chloroform) (Found: CMe,, 18-4. C,H,,O, requires CMe,, 20-6%). 

3: 5-Dimethyl 1: 2-isopropylidene v-xylofuranose. The monomethyl derivative (1-05 g.) 
was methylated four times with methyl iodide and silver oxide, and the final product was 
dissolved in acetone. After filtration, the solution was evaporated to dryness and the syrup 
dried (P,O,9) at 35°/0-05 mm. for 1 hour. The product (0-90 g.) showed ni 1-4461, [«]}?7 —60° 
(c, 1-09 in chloroform) (Found: OMe, 28-9. Calc. for C,,H,,0,: OMe, 28-4%). 

3: 5-Dimethyl p-xylofuranose. Dimethyl isopropylidene p-xylose (0-80 g.) was heated with 
sulphuric acid (1% wt./vol.; 25 c.c.) at 100°. The material was not sufficiently soluble to 
enable a measurement of specific rotation to be taken at zero time; the solution showed [«]}§ 
-+- 19° after 30 minutes (constant value). Neutralisation of the solution with barium carbonate, 
filtration, and evaporation of the filtrate yielded a product which was exhaustively extracted 
with boiling acetone. Evaporation of the extract gave a syrup (0-55 g.). Examination on the 
paper chromatogram showed the fraction to be composed mainly of a dimethyl xylose with an 
R, value slightly greater than that of 2: 3-dimethyl xylose, together with small amounts of 
other components. The syrup (0-50 g.) was purified by chromatography on a column of cellulose 
(15” x 1-3”) (Hough, Jones, and Wadman, Joc. cit.), butanol-light petroleum (b. p. 100—120°) 
(1: 1) saturated with water being used as solvent. This treatment gave fractions: (a) R, value 
corresponding to trimethyl xylopyranose (trace); (b) Rg value ca. 0-85 (trace); (c) Rg value 
ca. 0-78 (0-44 g.; main fraction); (d) Rg value corresponding to 2: 3-dimethyl xylose (trace) ; 
and (e) Rg value corresponding to 3-methyl xylose (ca. 0-04 g.). The recovery was 98—100%. 

Fraction (c) had the same R, value as authentic 3: 5-dimethyl p-xylose (see below); it 
showed {|} + 11° (c, 0-84 in chloroform), + 25° (c, 1-13 in water) (Found: OMe, 33-0. Calc. 
for C;H,,0;: OMe, 34:8%). 

3: 5-Dimethyl p-xylonolactone. Thesyrupy fraction (c) (0-10 g.) was oxidised with bromine in 
water for 4 days at room temperature, by which time the solution, after removal of bromine by 
aeration, was non-reducing to Fehling’s solution. After neutralisation with silver carbonate the 
solution was filtered and treated with hydrogen sulphide to remove silver. Filtration, aeration, 
and evaporation yielded a syrup which was heated at 100°/18 mm. for $ hour and then distilled 
at 140—150°/0-07 mm. over barium carbonate. The product (30 mg.) showed [«]}) + 72° (zero 
time), +69° (1 hour), + 65° (3 days), +62° (7 days), +58° (17 days), +51° (31 days), +41° 
(48 days) (c, 0-725 in water). 
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Periodate oxtdation of the lactone from fraction (c). A small quantity of the lactone solution 
was treated with n/5-sodium hydroxide (0-5 c.c.) at 50° for 15 minutes. Periodate oxidation of 
the resulting sodium salt of the acid (Reeves, loc. cit.) yielded no formaldehyde, since there was 
no colour with acid phenylhydrazine-ferricyanide. 

Preparation of a sample of authentic 3: 5-dimethyl p-xylonolactone. 1 : 2-isoPropylidene 
p-xylose was methylated with the Purdie reagents, and the product was hydrolysed, yielding 
3 : 5-dimethyl p-xylose (Levene and Raymond, Joc. cit.) which was purified by chromatography 
on cellulose. Oxidation of this material under conditions similar to those described above and 
distlllation of the product gave 3: 5-dimethyl p-xylonolactone; [«]]7 + 79° (zero time), +76° 
(6 hours), +62° (7 days), + 54° (16 days) (c, 1-61 in water). 


The author thanks Professor E. L. Hirst, F.R.S. for his interest in this work. 


KinG’s BUILDINGS, UNIVERSITY OF EDINBURGH. [Received, March 28th, 1952.) 


560. Aliempted Preparation of 2: 4-Dinitrobenzenesulphinic Acid. 
By HELENA BrapBury and F. J. Smirn 


WE have failed to prepare 2: 4-dinitrobenzenesulphinic acid from 2 : 4-dinitrobenzene- 
sulphonylhydrazide by the method recorded by Davies, Storrie, and Tucker (J., 1931, 624). 


Sodium 2: 4-dinitrobenzenesulphonate (E. Erdmann and H. Erdmann, D.R.-P., 65,240) 
was converted by phosphorus pentachloride at + 100° (marked decomposition at higher temps.) 
into the sulphony] chloride which, recrystallised from benzene—light petroleum, melted at 102° 
and for identification was converted into the amide, m. p. 154° (Willgerodt and Mohr, /. pr. 
Chem., 1886, 34, 123, record m. p. 102° and 154° respectively). 

In the preparation of the sulphonylhydrazide we found it better to add alcoholic hydrazine 
hydrate to a benzene solution of the chloride (2-66 g.) at approx. —10°, thereby reducing the 
tendency towards the formation of 2: 4-dinitrophenylhydrazine; after crystallisation from 
dioxan—water at 0°, the yield was 1:09 g. Violent decomposition occurred when the material was 
heated to 113°. Davies et al. (loc. cit.) give m. p. 110° (decomp.) and a lower yield. We isolated 
the 2 : 4-dinitrophenylhydrazine hydrochloride, m. p. 186° (decomp.), when the sulphony! chloride 
in benzene was added to alcoholic hydrazine hydrate. Rise in temperature favours displacement 
of the chlorosulphonyl group from the aromatic nucleus by hydrazine in both methods of 
preparation, and from a warm alcoholic solution of the reactants 2 : 4-dinitrophenylhydrazine 
appeared to be the sole product. 

On warming of the sulphonyl hydrazide with 2N-hydrochloric acid at ca. 80°, filtration from 
insoluble matter, and acidification with concentrated hydrochloric acid, only octahedral crystals 
of hydrazine dihydrochloride, m. p. 197°, were precipitated. 


Drs. Storrie and Tucker have since written to us: ‘‘ We agree that 2 : 4-dinitrobenzene- 
sulphinic acid cannot be obtained by the method we described. We can no longer support 
Mr. Buchanan’s claim to have isolated a sulphur-containing compound.” 

Dann and Davies (jJ., 1929, 1051) prepared a number of sulphinic acids from the 
appropriate sulphonyl chloride and hydrazine hydrate at various temperatures, but not 
directly from the pure, isolated sulphonyl hydrazides. We think it is possible that the 
sulphinic acids may arise from interaction between sulphonyl chloride and sulphonyl- 
hydrazide thus : 

R-SO,Cl + R:SO,"NH*NH, = 2R°SO,H + N, + HCl 


since Dann and Davies proved that the gas evolved during the reaction contained no 


hydrogen. This could not be the case if simple decomposition of the sulphonylhydrazide 
took place : 


R-SO,NH-NH, = R-SO,H + N, + H, 


It may well be, however, that the reaction is more complicated than that shown in the 
former equation (vide Curtius and Lorenzen, J. pr. Chem., 1898, 58, 166). 


COLLEGE OF TECHNOLOGY, LIVERPOOL. [Received, April 4th, 1952.) 
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561. Formation of Flavanthrones from Derivatives of 
2-Aminoanthraquinone. 
By WILLIAM BRADLEY and Harry E. NuRsTEN. 


It has been shown (J., 1951, 2070) that 3 : 3’-di-tert.-butylflavanthrone is formed by the 
action of sodium acetate and copper acetate on 2-amino-1-bromo-3-tert.-butylanthraquinone. 
Continuing these experiments we have found that when the time of the reaction is reduced 
to two hours 3 : 3’-di-tert.-butylflavanthrone is no longer obtained. When, however, an 
equimolecular mixture of 2-amino-3-tert.-butylanthraquinone and its 1-bromo-derivative 
is heated under the same conditions the formation of 3 : 3’-di-tert.-butylflavanthrone again 
takes place. The result suggests that the formation of the flavanthrone by the action of 
copper acetate and sodium acetate on the bromo-derivative alone involves two reactions : 
debromination of a portion and condensation of the debrominated product with unchanged 
bromo-derivative. The second reaction is analogous to the $-methylation of indole by 
means of methyl iodide (Weissgerber, Ber., 1910, 48, 3521). 


Experimental.—Self-condensation of 2-amino-1-bromo-3-tert.-butylanthraquinone. The 
experiments described in J., 1951, 2176—2177 were repeated, the heating being carried out 
for only 2 hours. The following compounds were isolated by chromatography: 3: 3’-di- 
tert.-butylindanthrone (0-048 g.), 3: 3’-di-tert.-butylindanthroneazine (0-021 g.), and 2-amino- 
3-tert.-butylanthraquinone (0-013 g.); neither 2: 2’-diamino-3 : 3’-di-tert.-butyl-1 : 1’-di- 
anthraquinony! nor 3 : 3’-di-tert.-butylflavanthrone was present in the product. 

Condensation of 2-amino-1-bromo-3-tert.-butylanthraquinone with 2-amino-3-tert.-butyl- 
anthraquinone. 2-Amino-3-tert.-butylanthraquinone (0-05 g.), 2-amino-l-bromo-3-tert.-butyl- 
anthraquinone (0-065 g.), anhydrous sodium acetate (0-5 g.), and a small proportion of cupric 
acetate were heated under reflux for 2 hours in o-dichlorobenzene (5 c.c.). Separation of the 
products by chromatography then gave 3: 3’-di-tert.-indanthroneazine (0-018 g.) and 3: 3’-di- 
tert.-butylflavanthrone (0-001 g.) from the red zone containing its precursor. 


CLOTHWORKERS RESEARCH LABORATORY, 
THE UNIvVERsSITy, LEEDs. (Received, April 15th, 1952.) 


562. The Conversion of Arylacetic Acids into Ketones. 
By G. L. BucHANAN and J. MCARDLE. 


THE reaction between phenylacetic acid and acetic anhydride in the presence of pyridine 
was originally described by Dakin and West (J. Biol. Chem., 1928, 78, 91) who noted that 
the main product was benzyl methyl ketone. King and McMillan (J. Amer. Chem. Soc., 
1951, 73, 4911) have re-investigated this reaction and shown that dibenzyl ketone is also 


CH,-CH—CO 


B + CHArR-COR? + CO, + R*®CO-O-COR! CO 


(I) 


formed. They consider the reaction to be a “‘ base-catalysed condensation reaction of 
two acid anhydride molecules,’’ and propose the above mechanism. 

We were also engaged on this same problem, and our results are very similar. We agree 
that the reaction is essentially that of an acid anhydride in the presence of a base, but 
disagree with the mechanism proposed for these reasons. If the reaction is a condensation 
reaction as shown above, the essential step is the acylation of the reactive methylene group 
by a molecule of anhydride. It would therefore be expected that the similarly active 
methylene group of phenylacetic ester would be acylated under the reaction conditions, 
yielding ethyl «-phenylacetoacetate. This, we find does not take place. Even the more 
reactive benzyl cyanide, which would be expected to yield «-acetylbenzyl cyanide, fails to 
react, and in each case the starting material was recovered in almost quantitative yield. 
Moreover, such a mechanism assumes that a @-keto-acid anhydride will readily lose carbon 





[1952] Notes. 2945 


dioxide, although it is known that at least one such substance (1) (Schinz and Hinder, 
Helv. Chim. Acta, 1947, 30, 1372) is relatively stable. 

We envisage a migration mechanism as the only one which satisfactorily accounts for 
all the facts : 

Q B = ia 
ArCHyC—Q ——> ArCH=C—O + BH+ —> ArCH—C=O + BH*+ —> ArCH, + CO, + B 
CO:-R CO-R O-R O'R 

The rearrangement step finds a parallel in the O —-> C migration of the acyl group in 
acylated $-keto-esters (Claisen, Ber., 1900, 38, 3778). It is also possible that the recently 
reported rearrangement of the enol acetates of ketones (Hauser et al., ]. Amer. Chem. Soc., 
1950, 72, 3635) represents a less favourably activated example of the same reaction. 


Experimental.—Ethyl phenylacetate (45 g.) was refluxed for 20 hours with acetic anhydride 
(125 c.c.) and dry pyridine (125 c.c.). The anhydride and pyridine were then removed in vacuo 
and the residual liquid fractionated. The product (43 g.), b. p. 115°/15 mm., gave an amide, 
m. p. 157° not depressed on admixture of the specimen with an authentic sample of pheny!l- 
acetamide. 

Benzyl cyanide (30 g.) was refluxed for 9 hours with acetic anhydride (100 c.c.) and dry 
pyridine (100 c.c.), and then worked up as before. The product (27 g.), b. p. 108°/15 mm., 
gave a benzylidene derivative, m. p. 86°, not depressed on admixture of the specimen with 
a-cyanostilbene. 

THE UNIVERSITY, GLAsGow, W.2. [Received, April 15th, 1952.) 


563. Aluminium Hypophosphite. 
By D. A. EVEREST. 


THE only previous report in the literature on aluminium hypophosphite was by Rose 
(Pogg. Ann., 1828, 12, 86) who obtained a hard amorphous mass by evaporating im vacuo a 
solution of aluminium hydroxide in hypophosphorous acid. No analyses were reported 
for this material which appeared to be impure. 

Aluminium hypophosphite, Al(H,PO,),, has been obtained as an anhydrous crystalline 
precipitate by heating aluminium hydroxide, or a solution of an aluminium salt, with 50°, 
hypophosphorous acid at 80-—-90° for 1 hour, the precipitation being rather slow. It was 
also formed when a solution of an aluminium salt was heated with sodium hypophosphite, 
precipitation occurring more slowly than with hypophosphorous acid. Aluminium 
hypophosphite was insoluble in water, in sodium hypophosphite solution, and in hypo- 
phosphorous acid. It dissolved in warm sodium hydroxide solution, dilute sulphuric 
and dilute or concentrated hydrochloric acid; on evaporation of the solution in hydro- 
chloric acid the aluminium hypophosphite was recovered unchanged. No evidence was 
found for the existence of any double salts between aluminium hypophosphite and 
aluminium chloride similar to those formed between stannous hypophosphite and stannous 
chloride or between stannic hypophosphite and stannic chloride (Everest, J., 1952, 2903). 
When heated, aluminium hypophosphite decomposed, without melting, at approximately 
220° with evolution of phosphine and formation of a reddish-brown residue. No conditions 
were found under which hypophosphorous acid could reduce aluminium compounds to the 
metal. 


Experimental.—Analytical procedures. After dissolution of the sample in 3Nn-sulphuric acid 
the aluminium was precipitated with 8-hydroxyquinoline; hypophosphite did not interfere. 

Hypophosphite was determined by titrating a solution of the sample in 3n-sulphuric acid 
with potassium permanganate (Kolthoff, Everest, Joc. cit.). 

Aluminium hypophosphite. The crystalline salt obtained as described above was washed 
with water and absolute alcohol and dried in a vacuum [Found: Al, 12-2; H,PO,, 87-4. 
Al(H,PO,), requires Al, 12-15; H,PO,, 87-85%]. If sodium hypophosphite was substituted for 
hypophosphorous acid heating had to be continued for about 5 hours to obtain equivalent yields. 
No conditions were found under which any hydrates were obtained. 


BATTERSEA POLYTECHNIC, Lonpon, S.W.11. (Received, April 19th, 1952.) 
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Obituary Notices. 


OBITUARY NOTICES. 


LEONARD DOBBIN. 
1858—1952. 


A LINK with the past has been broken by the death of Dr. Leonard Dobbin, which occurred at 
Edinburgh on March 3rd, 1952, for Dr. Dobbin was recognised for many decades as one of our 
leading investigators in the history of chemistry. Born at Belfast on July 30th, 1858, Dr. 
Dobbin in his ninety-fourth year was still actively interested in his favourite field of research— 
frail in body, but with mind alert and unimpaired. 

His early studies were at Queen’s College, Belfast, and at the Royal College of Science, London ; 
in 1880 he obtained the degree of Ph.D. at Wiirzburg and was appointed an assistant in the 
Department of Chemistry at the University of Edinburgh under Professor Crum Brown. In 
1894 he was promoted to a lectureship, and retired with the rank of Reader in 1924. 

A number of experimental papers between 1880 and 1893 showed his skill as an organic 
chemist, and his text-book ‘“‘ Salts and their Reactions,’’ written in collaboration first with 
Dr. Hugh Marshall and later with Dr. J. E. Mackenzie, has been in favour for nearly fifty years. 
But the historical development of chemistry became his main study, and in 1889 he organised 
the five non-professorial members of the teaching staff of the Chemistry Department at Edin- 
burgh University into The Alembic Club, an unassuming body which was destined to play a 
useful part in bringing important chemical communications within the reach of interested 
readers. The twenty-one Alembic Club Reprints now available in booklet form reproduce the 
classical investigations of the greatest chemists of the past three centuries. Many of these 
reprints were edited or translated by Dr. Dobbin himself. 

His translation of Ladenburg’s ‘‘ Lectures on the History of the Development of Chemistry 
since the time of Lavoisier ’’ was published in 1900, and his translation from Swedish and 
German originals of ‘“‘ The Collected Papers of Carl Wilhelm Scheele ’’ appeared in 1931. 
These were his two major works; minor contributions elucidating points of dubiety or matters 
of controversy in chemical history flowed from his pen continually. 

Dr. Dobbin was an active member of many scientific societies, his association with the 
Chemical Society dating from 1887. He was elected a Fellow of the Royal Society of Edin- 
burgh in 1881, and his seventy-one years of membership probably constituted a record. He 
served on the Council of that Society from 1904 to 1907 and from 1913 to 1916, was Curator 
from 1934 to 1939, and Vice-President from 1939 to 1942. He was also the doyen of the Society 
of Chemical Industry. 

One of the most modest of men, and one of the most lovable. 

JAMEs KENDALL. 


FRANCES MARY GORE MICKLETHWAIT. 
1868—1950. 


Miss F. M. G. MicKLEtTHwair died on March 25th, 1950, in her 83rd year. Her long life covered 
a period of great activity in chemical research in which she played her part and will be par- 
ticularly remembered for her work, mainly in collaboration with the late G. T. Morgan (after- 
wards Sir Gilbert Morgan), during the years 1901 to 1914. She was educated privately and 
then at the Swanley Horticultural College where her interest in chemistry was first aroused. 
In 1898 she joined the Royal College of Science and it is a tribute to her interest, ability, and 
determination that she took this course although she was older than the average of students 
entering the College. It was much less common and certainly more difficult for a woman to 
pursue a career on chemistry at that time than in these enlightened days. Miss Micklethwait 
was awarded the Associateship of the Royal College of Science in 1901 and during the ensuing 
thirteen years carried out a substantial and varied series of researches in collaboration first 
with M. O. Forster, then with G. T. Morgan, and finally with J. C. Cain. 

In her early work with M. O. Forster, Miss Micklethwait studied the bromination and nitra- 
tion of benzoyleamphor and obtained indications of the formation of cis- and trans-isomers of 
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bromobenzoyleamphor in the bromination researches. She then undertook an extensive 
series of investigations in conjunction with G. T. Morgan, principally directed to application 
of the diazo-reaction to a number of amines of the benzene, naphthalene, and dipheny] series. 
Of special interest were the formation and structure of the diazoimides from aromatic diamines, 
these cyclic substances being the subject of a number of papers in the Journal. In addition 
to the work with diazo-compounds, G. T. Morgan and Miss Micklethwait prepared complex 
salts of chloroplatinic acid and chloroauric acid with coumarin. These formed the first of a 
long series of papers published by G. T. Morgan and other collaborators on residual affinity and 
co-ordination. Other researches taken up by G. T. Morgan and Miss Micklethwait included 
investigations of the organic compounds of arsenic and antimony with camphor, resulting in 
the isolation of dicamphorylarsonic acid and tricamphorylstibine dichloride among other 
compounds. Some phenyl derivatives of arsenic and antimony were also examined. 

During part of her collaboration with G. T. Morgan, Miss Micklethwait was the holder of a 
Beit Research Fellowship which was a just and appropriate recognition of the excellence of 
her work. 

After G. T. Morgan left in 1912 to take up a Professorship of Chemistry at Dublin, Miss 
Micklethwait joined with J. C. Cain in research on the nitration of benzidine and toluidine and 
on the chemistry of the diphenyl series. These researches lasted until 1914. 

During the first World War (1914—1918) Miss Micklethwait carried out work of national 
importance and was awarded the M.B.E. for these services in 1919. She spent a short time 
in the research department at Boots Pure Drug Co. at Nottingham and then returned to Swanley 
Horticultural College until 1921. Later she gave a great deal of her time to the preparation 
of the Index for the revised edition of Thorpe’s Dictionary of Applied Chemistry, this being 
completed in 1927. 

Miss Micklethwait was elected a Fellow of the Chemical Society in 1920, became an Associate 
of the Institute of Chemistry in 1904 and a Fellow in 1907. 

Miss Micklethwait was of a modest and retiring disposition and this was reflected in her 
preference for working in collaboration rather than in striking out on lines of her own. She 
enjoyed the full confidence of those with whom she worked and there is no doubt that her 
experience and experimental skill were of the greatest value to her colleagues. She will be 
much missed by the older members of the Chemical Society who knew her and appreciated 
her worth. Her research, however, remains to remind us of a fine chemist. 

F. H. BuRSTALL. 


EMIL ALPHONSE WERNER. 
1864—1951. 


Em1L ALPHONSE WERNER was born on June 29th, 1864, in 15, Leinster St., Dublin, a house 
that overlooked the park of Trinity College and the buildings with which he was destined to 
be associated for more than sixty years. He died on March 18th, 1951, at his home in the 
Dublin suburb of Rathgar. Yet, though the orbit of his activities was small, and remote from 
the great galaxies of European and American science, there was nothing small or provincial 
about the man : despite the lack of formal university education, he filled two Chairs of Chemistry 
with distinction, and his publications include some seventy papers and a monograph. 

Emil was the third and youngest son of Louis and Augustine Werner. His father, a portrait 
painter, had migrated from Strasbourg to Dublin, in 1856, where he set up a photographic studio. 
Louis, the eldest son, qualified in medicine at the University, and became eminent as an eye- 
surgeon and the author of a standard text-book on ophthalmology. Alfred, the second son, 
worked with his father. Emil’s schooldays were spent in the Collége St. Martin, at Amiens. 
Then he returned to Dublin, and joined in the family business. At this point, fate intervened. 
The chance purchase of a book awoke in Emil an interest in chemistry. From the photo- 
graphic reagents available, he prepared crystalline specimens of the blue and the red chrom- 
oxalates that are obtained when potassium dichromate is reduced by oxalic acid. These 
alleged ‘‘ double-salts ’’ puzzled him, because they gave none of the usual reactions for chromate 
or oxalate. In search of the answer, he took the devisive step in his career. He brought his 
mysterious trophies to the College, and sought an interview with the University Professor of 
Chemistry, James Emerson Reynolds, F.R.S. It must have been an odd encounter : the photo- 
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grapher’s son, small, shy, but insistent; the future President of the Chemical Society, dignified 
and unsympathetic. Indeed, had young Werner known Reynolds beforehand, the interview 
might never have taken place. History repeated itself; David conquered Goliath, only in 
this instance it was a crystal and not a pebble that embarrassed the giant. Reynolds was 
unable to explain the conduct of the chromoxalates. The result of the meeting was as unex- 
pected as the result of the tests. Werner was offered, and accepted, the specially created 
appointment of private assistant to Reynolds, and thus began a partnership that lasted for 
sixteen years. 

As Werner had no college status, and his taskmaster allowed him no facilities for independent 
work, he was compelled to continue his investigations at home, where his bench was the bed- 
room window-sill. From this domestic laboratory came the first of his papers, published in 
The Chemical News, in 1886, and entitled: ‘‘ The detection and estimation of thallium in 
lead.’’ It was followed by a description of two tests for the recognition of impurities in ether. 
These were accepted by ‘‘ The British Pharmacopcea,’’ and were retained in six subsequent 
editions, until 1932, by which time Werner had introduced his method for the purification of 
ether by means of silver hydroxide. 

He was by now permitted to work by himself in Reynolds's laboratory, and on February 18th, 
1888, he was elected a Fellow of the Chemical Society. In his earliest papers, published in this 
Journal (1887, 1888), Werner showed that the blue chromoxalate, discovered by Gregory, in 
1817, is the salt K,Cr,(C,O,),,6H,O, a derivative of the acid H,Cr,(C,O,),, from which he 
prepared a series of other salts. The red chromoxalates, discovered by Crofts, in 1842, were 
shown to be derived from the acid H,Cr,(C,O0,),(OH),. Werner later described a series of com- 
pounds in which the oxalate radicle was replaced by malonate (1904). 

Thiourea.—Work in the laboratory at this time centred on the properties of the substituted 
thioureas, a number of which had been prepared by Reynolds. One of Werner’s earliest tasks 
was the study of their reactions with acetic anhydride. 

In his first papers on thioureas (1891), he showed that the s-diarylthioureas readily yielded 
N-arylacetamides and carbon oxysulphide, in accordance with the equation : 


SC(NHAr), ArNCS + CH,°COOH —> CH,°CO-NHAr + COS 
+ —_ - 
(CH,°CO),0 CH,-CO-NHAr 


The s-dialkylthioureas, when acted on by acetic anhydride, yield the monoacetyl derivatives, 
which on further heating react with acetic acid to form alkyl isothiocyanates, alkylamines, and 
regenerated acetic anhydride. A subsequent paper (1891) described the reaction between 
acetic acid and phenyl isothiocyanate. The contradictory results of earlier workers Werner 
showed to be due to variations in the experimental conditions. When glacial acetic acid alone 
is used as solvent, the end-products are acetanilide and carbon oxysulphide; when acetic acid 
containing 10% of water is used, the products are diphenylurea, hydrogen sulphide, and carbon 
dioxide. Among many other compounds prepared and studied were the formaldehyde- 
thiourea polymers. At that time, chemists were not plastic-conscious, and the industrial 
applications of these strangely refractory materials was unsuspected. A relevant comment in 
Werner’s note-book runs: “ Insoluble in everything, might be of some use for making tomb- 
stones!’’ Work on the desulphurisation of thiourea by heavy metals, and on the reversal of 
the silver photographic image, had practical results. On the outbreak of the Transvaal War, 
in 1889, Sir Howard Grubb, expert on optical instruments, sought the aid of Reynolds in the 
construction of a gun-sight that would simultaneously reflect and transmit light in a specified 
ratio. By means of thiourea, it was found possible to coat glass with mirrors of lead sulphide 
of the required degree of transparency. 

In 1903, Werner and Reynolds reported that thiourea in acid solution could be determined 
accurately by titration with iodine, even in presence of an excess of ammonium thiocyanate. 
This method was applied to a re-investigation of the mechanism of the synthesis of thiourea, 
first described by Reynolds in 1868. Asa result, it was found that, at 170°, a maximum yield 
of 24-8% of thiourea is obtained from ammonium thiocyanate after 45 minutes, whereas, at 
182°, the same equilibrium value is reached in 30 minutes. The mixture, at equilibrium, con- 
tains the complex SC(NH,),,(NH,SCN),, which melts at 105—106°, the eutectic point of the 
system. Thiourea characteristically forms compounds of the type (SCN,H,),,MX with the 
halogen salts of alkali metals, ammonia, and primary amines (Reynolds, 1891; Werner, 1906; 
Atkins and Werner, 1912). Many attempts were made to increase the yield of thiourea from 
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ammonium thiocyanate by incorporating a salt in the melt, so as to trap the thiourea. 
None of these methods proved of value, but the work culminated in an important paper by 
Atkins and Werner (1912) on the dynamic isomerism of the system, in which they showed that 
the reversion of thiourea begins about 135°; the complex (SCN,H,),;,NH,SCN accumulates in 
the liquid phase below 140°; and the change in both directions is unimolecular. 

The Structure of Thiourea.—In 1890, Storch had shown that the oxidative dehydrogenation of 
thiourea in acid solution yields the base, formamidine disulphide, H,N*C(7NH)*S*S-C+(.NH)*NH,, 
which provides direct evidence for the isothiocarbamide structure for thiourea. Reynolds 
accepted this conclusion, and, in 1891, he suggested that the term ‘‘ thiourea ’’ should be used 
to denote the free compound, and the term “‘ thiocarbamide’’ should be used for the system 
H,N*CS:NH,, which only existed in substituted form. There were, however, as Werner seems 
to have been the first to realise, several objections to the isothiocarbamide formulation for 
thiourea. A compound of the type H,N*C(:NH)*SH should be basic, because of its free amino- 
group, and unstable, because of the presence of an amino- and a thiol group on the same carbon 
atom. In aqueous solution thiourea is almost neutral, and does not readily resolve into 
ammonia and thiocyanic acid. Also, as Werner showed later, the production of formamidine 
disulphide, by the oxidation of the thiourea by nitrous acid, only takes place in presence of 
strong acids, such as sulphuric or nitric, which would be expected to convert the thiourea into 
cationic form, HS*C(7NH)*NH,*. Oxidation in presence of weak acids, such as acetic, only 
yields thiocyanic acid and ammonia. Werner sought to explain these observations by postu- 
lating the existence of a stable, pseudo-cyclic form, assumed by thiourea in neutral or faintly 


_ aii fHSNHs . JNU, 
2 Ns 


N: H HN: 
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Thiocarbamide. Thiourea. itsoThiocarbamide. 
Symmetrical. Pseudo-cyclic. Unsymmetrical 


acid solutions. Reynolds did not encourage this hypothesis, and Werner put the work aside, 
until 1912, when he published it as part of an epilogue to his investigations on thiourea. 

In 1903, Reynolds resigned from the University Chair, and retired into private life. He 
was succeeded by Sydney Young, F.R.S., of Bristol. By this time, Werner, at the age of 39, 
had established a high reputation as a teacher and a worker, and he would have been a favoured 
candidate for the Chair. With characteristic modesty, he refused to compete against one 
whom he regarded as the better man. Neither his merits nor his action were overlooked, and 
in the next year he was appointed Professor of Applied Chemistry. A period of departmental 
expansion and reorganisation followed. Young was essentially a physical chemist, and, in 
consequence, Werner became responsible for the entire teaching of the organic chemistry to 
all the classes. During these years he published little, apart from two papers on organic iodine 
compounds (1906, 1907), and an interesting paper on chloral hydrate (1906), in which he showed 
that one equivalent of alkali can decompose from one to four equivalents of chloral hydrate, 
according to conditions of concentration and temperature. 

Uvea.—Werner’s interest in thiourea logically extended to urea, especially as regards its 
formation and decomposition. When heated above the melting point or in boiling aqueous 
solution, urea resolves into ammonia and cyanic acid, as might be expected were it isocarb- 
amide, H,N-C(;NH)-OH. But at temperatures below 50°, urea in neutral solution is stable, 
provided that it is preserved from infection by urease-producing organisms—a precaution apt 
to be neglected. This observation supplied Werner with one of his favourite lecture demon- 
strations, in which he showed that aqueous urea solutions, kept under sterile conditions for more 
than ten years, gave no precipitate with silver nitrate or barium hydroxide. Thus he was led 
to postulate a stable, pseudo-cyclic structure for urea, which changed to the isocarbamide 
above a critical temperature or on addition of acid or alkali. 

Werner married, in 1911, and, after a honeymoon in the United States, he settled down to 
a life of domestic comfort and happiness, and when, in the course of time, a son was born, 
his contentment was complete. Amid such pleasant distractions, his meditations on urea 
might have continued indefinitely, had he not been catalysed into activity by a paper on the 
mechanism of Wéhler’s synthesis of urea, which Chattaway published in 1912. According to 
Chattaway, ammonium cyanate on heating dissociates into ammonia and cyanic acid, which 
recombines with the ammonia to form urea. The theory is straightforward and adequate, 
but, according to Werner (1913), it is over-simplified in that it does not take into account the 
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tautomeric change undergone by the cyanic acid, which can exist in the enol form, HO*CN, 
and the keto-form, HN‘CO. From a study of the polymerisation of liquid cyanic acid, Werner 
concluded that rise in temperature promotes the keto-arrangement, while fall in temperature 
promotes the enolisation. Both forms are in equilibrium with an intermediate form, HN‘C-O, 


or HN‘C:O~, which, during its rearrangement into HN<CO, tends to polymerise to cyanuric acid, 
and, during its rearrangement into HO*CN, tends to polymerise to cyamelide. 


HOCN, —., —,HN:CO 
yp HN-C:O—¢ J-OD”™—”"_ 
\wH—co”% 


Cyamelide. Cyanuric acid. 


[CONH], 


Ammonium cyanate is a salt of enol-cyanic acid, which is released on heating, and rearranges 
to keto-cyanic acid, which through its carbonyl group adds on to the ammonia to form iso- 
carbamide. As the enol-cyanic acid accumulates, some of it reacts with the isocarbamide to 
produce biuret, and some of it is removed from the system by polymerisation. This paper 
and two subsequent ones on the decomposition of urea by heat (1913, ii) and the formation of 
biuret by the action of cyanic acid on urea (1914) were the first of a series of seventeen on urea, 
published during the following ten years. The more important of these contributions can be 
summarised briefly. 

I. By use of methyl sulphate as a methylating agent, the corresponding isocarbamides, 
RN°‘C(*O-CH,)*NH, can be obtained directly from urea and its homologues. This affords 
evidence that urea can assume the isocarbamide configuration (1914). 

IV. In aqueous solution, urea and pure nitrous acid will not interact unless a strong acid 
is present to expose the vulnerable amino-group. Under such conditions, urea is resolved into 
ammonia, which is attacked by the nitrous acid, and into cyanic acid, which is hydrolysed. 
Hence, one molecular proportion of nitrous acid can decompose completely one molecule of 
urea in presence of N-hydrochloric acid. This affords evidence that neutral urea is not in the 
isocarbamide configuration (1917). 

V. Hydrolysis of urea by acids or alkalis involves the liberation of cyanate as an obligatory 
intermediate reactant (1918). 

A group of papers on the mechanism of the synthesis of urea from urethane (1918), carbonyl 
chloride and ammonia (1918), oxamide (1918), and ammonium carbamate (1920) gave evidence 
that all these reactions are variants of Wohler’s original synthesis in that they involve the form- 
ation of ammonium cyanate. 

IX and X. Diazomethane, diazoethane, diazo-n-butane, and diazoisopentane were prepared 
by the action of nitrous acid on the corresponding substituted urea. Diazomethane can be 
used in ethanol solutions to effect the methylation of certain hydroxy-compounds. Under 
these conditions, urea is not methylated, which indicates that it is not in the isocarbamide 
form (1919). 

XI. Only carbamic acid or monosubstituted carbamates yield urea on being heated with 
ammonia; the reaction requires the intermediate formation of cyanate : 


R-NH:CO,H — H,O —>R:N:CO; R-N:CO + NH, —> R‘N:C(OH)-NH, 


Disubstituted carbamic acids of the type NRR’*CO,H, which cannot be dehydrated to cyanates, 
do not give rise to urea (1920). 

While the earlier part of this work was in progress, Werner became engaged in special 
research problems arising out of war-time requirements. These included methods for the large- 
scale preparation of cyanamide (1916), methylamine, ethylamine, diethylamine (1917, 1918), 
and «-naphtholphthalein (1918). He also set up a laboratory plant for dying woollen garments 
made by local war-work committees. The Irish Rising of 1916, and the “ bad times ’”’ of 
1920—21, imposed pain and anxiety. Held by ties of affection to the Country that had adopted 
his parents and supported his family, held by ties of loyalty to a Commonwealth that for him 
denoted freedom and justice, Werner withdrew into himself, and took no part in any political 
activity. He had strong views, but his powers of control were stronger. 

The Structure of Urea.— 


“Tt is certainly instructive and not necessarily humiliating to realise that the molecular 
structure of a substance already synthesised one hundred years ago, a substance with a 
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molecular weight of no more than 60, is yet a matter for debate. It is not surprising. A 

molecule of such biochemical prominence is likely to assume during its complex metabolic 

career just as many forms as with due regard to the decencies of valence it can assume.” 
F. Gowland Hopkins, 1928. 


Since so much of Werner’s work was devoted to the structure of urea, it is relevant to set forth 
the various forms that urea can assume, “‘ with due regard to the decencies of valency.” 


JN /JNH, 
HN | NH:C i... 
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Carbamide. tsoCarbamide. “ Cyclic urea.” “ Cyclic urea.” 
Dumas, 1830. Wanklyn and Werner, 1912. 
Gamgee, 1868. 
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Dipolar urea. Dipolar urea. Hydrazi- mesoCarbamide. 


Langmuir, 1920. Arndt, 1930. carbinol. Pauling, 1933. 
Edsall, 1936. 


When Werner introduced the cyclic formule for thiourea and urea, the convention for denoting 
polar states by means of electric-charge signs had not come into general use, and he employed 
the ring structure commonly ascribed to “ inner salts.’’ This led to confusion, shared by Werner 
and his critics, for it made one of the nitrogen atoms appear to be quinquevalent, which had 
never been his intention. Langmuir was the first to point out that Werner’s cyclic structure 
(III) is equivalent to the dipolar structure (IV), and he concluded: ‘Since in this case the 
oxygen and the nitrogen cannot hold a pair of electrons in common, it seems desirable not to 
connect them by a valency bond in the formula ” (1920). The alternative dipolar structure (V), 
however, is preferable, if one assumes that urea does exist in dipolar form (Taylor and Baker 
1937). Werner never became reconciled to a dipolar urea. Such a compound, by analogy 
with the «-amino-acids, should exhibit a wide buffering range in aqueous solution, which urea 
does not, and should be deaminated readily by nitrous acid in absence of strong acids. Alter- 
native formulations, suggested by the present writer, were (IIIa), a cyclic structure involving 
a hydrogen bond, and (VI), a hydrazicarbinol system; but these did not meet with Werner’s 
approval. No single formula could be devised that would adequately represent the configur- 
ation of the urea molecule. In his own way, slowly and laboriously, Werner was approaching 
the modern concept of resonance stability, according to which urea is a hybrid, a mesocarb- 
amide, in which the positive charge alternates between the two nitrogen atoms. “I think we 
should be grateful to Professor Werner for the ‘ ring’ and ‘ open’ formule for urea,’’ wrote 
Sir Frederick Gowland Hopkins. ‘‘ Anyhow, it is significant that a century after Wohler’s 
synthesis we are still discussing the matter.” 

Werner’s approach to the problems of the biological origin and enzyme decomposition of 
urea were prejudiced by his conviction that cyanate is an obligatory intermediate in the reac- 
tions. A considerable amount of time was spent in a vain search for cyanate in animal and 
plant tissues, for which purpose a specific and delicate test was devised. In 1923, Mack and 
Villars had claimed that cyanate can be isolated from solutions of urea undergoing zymolysis 
by soya-bean urease. The experiments were repeated, under Werner’s direction, with apparent 
success, but, eventually, it was found that the enzyme preparations were contaminated with 
labile carbamide or guanidine derivatives that were decomposed by the ammonia liberated 
during the zymolysis, and vitiated the cyanate test. During this work, Werner examined a 
variety of seeds and plant tissues, and showed that the root nodules of leguminose were rich 
in urease. 

In 1923, Werner published his monograph, ‘“‘ The Chemistry of Urea.”” Although well- 
arranged and clearly written, it was somewhat of a disappointment to his friends, as it repre- 
sented less than half of the book that he could and should have produced. Too much space 
was devoted to the details of the experimental work, and almost no account was given of the 
extensive research on the substituted ureas, thioureas, and guanidines. Werner, himself, was 
not satisfied with the monograph, and he allowed it to go out of print. 
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The International Congress of Physiology, held in Edinburgh, in 1923, gave Werner an 
opportunity to bring forward his work on urea. At the Congress he met for the first time 
Kossel, Van Slyke, Gowland Hopkins, Barger, and other men capable of understanding and 
criticising his theories. But he became so interested in the communications and other activities 
of the meeting that he failed to do justice to his beloved ‘‘ cyclic urea.’’ The chemists, sus- 
picious of what looked like quinquevalent nitrogen, refused to commit themselves; the bio- 
chemists were prepared to accept any formula that might account for the remarkable stability 
of urea in the animal body. Little came of the Congress, but a vague impression that Werner 
was trying to formulate urea in a new and unconventional code. 


When Sydney Young retired in 1928, Werner, amid general approval, was called to the 
University Chair. He was now in his sixty-fourth year, a time of life when professorial burdens 
are discarded rather than assumed. Uncomplainingly, he laid aside for ever his research work, 
and took on the heavy and vexatious tasks of organising and supervising large classes. From 
his early training at the hands of a severe taskmaster, he had, in the words of Yeats, “ plucked 
bitter wisdom that enriched his blood,” and he gave of his substance freely and gladly to all 
who were his pupils. He had hoped to be able to retire on reaching his seventy-fifth year, but 
the outbreak of the Second World War, in 1939, made it necessary for him to remain in office. 
Eventually, in 1946, he was able to entrust the welfare of his Department to a worthy successor, 
Dr. Wesley Cocker, the present occupant of the Chair. 

A man of middle height and strong physique, with dark hair, and lively, hazel-brown eyes, 
Emil Werner resembled in appearance his famous cousin, Alfred Werner, of Zurich. It was 
unfortunate that the two men were not personally acquainted. Emil’s diffidence kept him 
from making a first approach; had he done so, the chemistry of urea might have progressed on 
a straighter road. 

Although most friendly and companionable, Werner was temperamentally a solitary worker. 
He had associated with few collaborators, but they were of the best: W. R. G. Atkins, F.R.S.; 
J. Krall, sometime Professor of Chemistry in Agra College; K.C. Bailey, late Fellow and Regis- 
trar of Trinity College. Werner’s long life brought an abundant harvest of memories that 
were golden in many ways, for they recorded the age of a Golden Jubilee and a golden sovereign ; 
an age of high bicycles and horse-drawn tramcars; gas-lit theatres and rowdy music-halls ; 
the laboratory in which Reynolds worked in a frock-coat, using apparatus of Waterford glass 
that had been handled by Humphrey Davy. 

To those who were close to him, Werner was more than a professor; at times he seemed to 
embody the spirit of chemistry itself, as a force, a discipline, and an inspiration, “ seeking 
beneath the common thing the hidden grace.’’ He asked little of life, and none of the bright 
prizes of the scientific world came his way. But he had better rewards: the satisfaction of 
honest work well done, the unbroken happiness of his home, the peace of a contented mind; 
and when Death at last overtook him, she came in the guise of her gentle sister, Sleep. 

W. R. FEARON. 
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